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Abstract 
a-glucan debranching enzymes hydrolyse a-1,6-linkages in starch/glycogen, thereby playing a central role in 
energy metabolism in all living organisms. They belong to glycoside hydrolase families GH13 and GH57 and 
several of these enzymes are industrially important. Nine GH13 subfamilies include a-glucan debranching 
enzymes; isoamylase and glycogen debranching enzymes (GH13_11); pullulanase type I/limit dextrinase 
(GH13_12–14); pullulan hydrolase (GH13_20); bifunctional glycogen debranching enzyme (GH13_25); 
oligo- and glucan-1,6-a-glucosidases (GH13_31); pullulanase type II (GH13_39); and a-amylase domains 
(GH13_41) in two-domain amylase-pullulanases. GH57 harbours type II pullulanases. Specificity differences, 
domain organisation, carbohydrate binding modules, sequence motifs, three-dimensional structures and 
specificity determinants are discussed. 
The phylogenetic analysis indicated that GH13_39 enzymes could represent a “missing link” between the 
strictly a-1,6-specific debranching enzymes and the enzymes with dual specificity and a-1,4-linkage 
preference. 
 
Keywords: Substrate specificity; glycoside hydrolase family 13 subfamilies, domain architecture; multi-
domain three-dimensional structure; sequence motifs and determinants; structure-function relationship; 
carbohydrate binding modules; phylogeny. 
 
Abbreviations: CAZy, Carbohydrate-Active enZymes; CBM, carbohydrate binding module; CD, 
cyclodextrin; CDD, conserved domain database; GDE, glycogen debranching enzyme; GH, glycoside 
hydrolase; GHx, glycoside hydrolase family x; GH13_x, glycoside hydrolase family 13 subfamily x; ISA, 
isoamylase; PULI, type I pullulanase; PULII, type II pullulanase; PULII_I, type II pullulanase with one 
catalytic domain; PULII_II, type II pullulanase with two catalytic domains; SBS, starch binding site; SEX4, 
starch-excess protein-4. 
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Introduction 
 
a-glucan debranching enzymes are an important group of glycoside hydrolases playing a role in the energy 
metabolism of all living organisms by hydrolysis of a-1,6-glucosidic linkages in a-glucans. The term a-
glucans here refers to polysaccharides consisting of glucose units connected by a-1,4-glucosidic linkages and 
which can contain a-1,6-branch points. Amylopectin and glycogen are the dominating branched α-glucans in 
living organisms, while the linear pullulan molecule produced by the fungus Aureobasidium pullulans 
resembles the branched a-glucans as it consists of a-1,4-linked maltotriose repeats connected by a-1,6-
linkages (Fig. 1) [1]. Amylopectin, the major component of starch, is made up of hundreds of shorter a-1,4-
glucan chains connected by a-1,6-branch points. Amylopectin is organised together with amylose, an 
essentially linear a-glucan, in the semi-crystalline starch granules (see [2] for a recent review on starch). 
Glycogen is the animal, fungal and bacterial counterpart to amylopectin, but is more extensively branched [3]. 
Starch and glycogen constitute the major energy source and storage in higher plants and 
microorganisms/animals, respectively. Generally, α-glucans are degraded in a series of reactions catalysed by 
several enzymes hydrolysing either a-1,4- and/or a-1,6-glucosidic linkages. a-1,6-linkages are hydrolysed by 
glycogen debranching enzymes (GDEs; EC 3.2.1.68 and 3.2.1.33), isoamylases (ISAs; EC 3.2.1.68), and type 
I pullulanases (PULIs; EC 3.2.1.41) (Table 1). Furthermore, type II pullulanases (PULII; also known as 
amylopullulanases) show a-glucan debranching activity along with endo-a-1,4-glucan hydrolase (a-amylase) 
activity (EC 3.2.1.1 and 3.2.1.41), i.e. they hydrolyse both a-1,4- and a-1,6-linkages in a-glucans (Table 1). 
In addition to these classical a-glucan debranching enzymes, we will briefly cover the so-called oligo- and 
glucan-1,6-a-glucosidases (EC 3.2.1.10), hydrolysing a-1,6-linkages in isomaltooligosaccharides and dextran 
– an essentially linear a-1,6-glucan, together with the pullulan hydrolases (EC 3.2.1.133 and 3.2.1.135), 
catalysing hydrolysis of a-1,6- and/or a-1,4-glucosidic linkages in pullulan and starch. 
The present review has emphasis on structure-function relationships, protein sequences and structural 
features important for substrate specificity of a-glucan debranching enzymes. This includes an overview of 
the modular architecture and detailed reports on catalytic domains and carbohydrate binding modules (CBMs) 
of different enzymatically characterised and structure-determined a-glucan debranching enzymes. A 
bioinformatics analysis covers conserved regions shared among all the glycoside hydrolase family 13 (GH13) 
and GH57 enzymes, and signature sequence regions that distinguish specific classes of a-glucan debranching 
enzymes. 
 
Classification of a-glucan debranching enzymes 
 
a-glucan debranching enzymes belong to two glycoside hydrolase families, GH13 and GH57, according to the 
Carbohydrate Active Enzymes (CAZy) database classification system (http://www.cazy.org/) that assigns 
enzymes and CBMs into families sharing structural fold and stereochemistry of the catalytic mechanism. The 
classification is based on the protein sequence [4]. 
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GH13, also known as the a-amylase family, is one of the largest GH-families in CAZy with more than 
28,300 protein sequences. GH13 features 22 different substrate specificities involving a-glucosidic linkages 
including hydrolases, transglucosidases and isomerases [5]. Overall, GH13 members have very limited 
sequence similarity. Thus, only four short sequence regions are conserved (see below), and different substrate 
specificities can have different signature motifs [6]. All GH13 enzymes are retaining enzymes and have a 
catalytic TIM barrel ((b/a)8-barrel) domain [7] with three invariant catalytic site residues: Asp 
(nucleophile/base), Glu (proton donor) and an Asp participating in distortion and stabilisation of the transition 
state. GH13 has been divided into subfamilies using a combination of cluster analysis, sequence similarity and 
phylogeny that reflect correlation of protein sequences and substrate specificities [5]. The a-glucan 
debranching catalytic domains occur in eight GH13 subfamilies (Table 1): GH13_11, ISAs and GDEs; 
GH13_12–14, PULIs; GH13_20, pullulan hydrolases; GH13_25, bifunctional GDEs from eukaryotes; 
GH13_31, oligo- and glucan-1,6-a-glucosidases; and GH13_39, PULIIs from extremophiles; while GH13_41 
contains a-amylase domains of amylase-pullulanases (see below) having two separate catalytic domains of 
which the pullulanase domains belong to GH13_12 and 14 or are not yet assigned to a subfamily. Crystal 
structures are available for the mentioned subfamilies except GH13_25, GH13_39, and GH13_41 (Table 1). 
The enzyme specificities of GH57 include a-amylase, amylopullulanase (PULII), branching enzyme, 4-a-
glucanotransferase, and a-galactosidase [8]. Currently, GH57 includes 1345 members from archaea (1/4) and 
bacteria (3/4) (mostly extremophiles) [4]. Not all members are expected to be active enzymes, since some of 
the sequences lack one or both catalytic residues [9]. GH57 enzymes representing the different enzyme 
specificities have been biochemically characterised [8]. Among these are several PULIIs (see section below). 
Four GH57 enzymes have been structure determined (an a-amylase, a 4-a-glucanotransferease, and two 
branching enzymes) [4]. A fifth enzyme referred to as a GH57 maltose-forming α-amylase has been structure 
determined (PDB entry 4CMR) [10], however it is non-classified in CAZy [4]. The GH57 enzymes have a 
catalytic (b/a)7-barrel domain and use a retaining mechanism with Glu and Asp as nucleophile/base and proton 
donor, respectively [11, 12]. The sequences show five conserved regions, and it has been suggested to 
subdivide GH57 to reflect enzyme specificities [11, 13, 14]. A search in the conserved domain database (CDD) 
[15] including all full-length GH57 protein sequences (1283) gave 383 with a PULII domain (domain 
classification in CDD: GH57N_APU, sequence cluster: cd10796 and domain: GH57N_APU_like_1, sequence 
cluster cd10797), therefore they most likely have PULII specificity. 
 
Isoamylases and glycogen debranching enzymes 
 
GH13_11 enzymes 
A large diversity is found within the subfamilies of GH13. This is particularly true for GH13_11 that is formed 
by a very diverse group of a-glucan debranching enzymes and GH13_11 has been suggested to be further 
subdivided. The specificities in GH13_11 are ISAs and GDEs hydrolysing a-1,6-branch points in amylopectin, 
glycogen, and products thereof generated by the action of b-amylase (b-limit dextrins) [16]. Unlike 
	 4	
pullulanases, enzymes in GH13_11 do not hydrolyse a-1,6-glucosidic linkages in pullulan, but require an a-
1,6-linked branch on an a-1,4-glucan main chain for activity. ISAs from plants, algae and the Gram-negative 
soil bacterium Pseudomonas amyloderamosa often encode more than one isoform which may operate in 
multimeric complexes composed of different ISA isoforms [17, 18]. The GDEs are widespread among bacteria 
and an a-helix (helix 4) situated near the active site can serve as a useful signature to distinguish GDEs from 
ISAs and pullulanases [19]. Furthermore, a loop (loop 4) might define substrate preference; thus a short loop 
4 is associated with preference for limit dextrins, while a longer loop 4 indicates specificity for larger branched 
a-glucans [17, 20]. This feature, however, might not adequately capture ISAs and GDEs, as variation in loop 
4 length is observed among ISA isoforms from the same organism [17]. 
 
GH13_11 structures 
Four GH13_11 enzymes are structure-determined (Table 1): ISAs from a bacterium; Pseudomonas 
amyloderamosa (UniProt P10342) and a eukaryote; Chlamydomonas reinhardtii (GenBank AAP85534), and 
GDEs from Escherichia coli and Sulfolobus solfataricus. Five more GH13_11 members have been 
enzymatically characterised: GDEs from Sulfolobus acidocaldarius (BAA11864) [21], Sulfolobus shibatae 
(AAM81590) [22], Corynebacterium glutamicum (BAB99500) [23] and Flavobacterium sp. (AAB63356) 
[24], and an ISA from Oryza sativa (BAA29041) [25]. 
 The GH13_11 crystal structures display the same overall multimodular organisation: an N-terminal 
carbohydrate-binding module family 48 (CBM48) (see section below), the catalytic domain, and a C-terminal 
b-sandwich domain (Fig. 2). Most GH13 enzymes contain this C-terminal b-sandwich domain. Its function in 
relation to debranching is unknown, but C-terminal domains in other GH13 enzymes e.g. GH13 branching 
enzymes, are shown to be involved in substrate binding [6, 26, 27] and/or shielding hydrophobic residues of 
the catalytic domain from solvent contacts [28]. In GH13_11 ISA from Chlamydomonas reinhardtii the C-
terminal domain participates in dimerization [16]. 
The GH13_11 crystal structures illustrate structural and substrate specificity diversity within GH13_11 [19, 
29, 30]. Noticeably, they show different oligomerization states: Pseudomonas amyloderamosa and 
Chlamydomonas reinhardtii ISAs being a functional a-1,6-glucosidase monomer and dimer, respectively. 
Oligomerisation is also important for activity of Sulfolobus solfataricus GDE, that has both a-1,6-glucosidase 
and a-1,4-transferase activity, where the latter is related to the oligomerisation state, since the tetramer showed 
a-1,4-transferase activity, while the dimer did not [30]. 
The crystal structure of Chlamydomonas reinhardtii in complex with maltoheptaose (PDB entry 4OKD) 
revealed the presence of two surface binding sites (1 and 2), which are non-catalytic carbohydrate binding sites 
found on the surface of the catalytic domain that interact with sugar rings via stacking interactions with 
aromatic residues [31]. These sites, are located at the reducing end of the active site cleft and at the interface 
of the catalytic and C-terminal domains [16]. The two tryptophans forming surface binding site 1 (Trp757 and 
Trp 767) are conserved in all GH13_11 protein sequences based on a multiple sequence alignment of catalytic 
domains, while surface binding site 2 (His794, Trp652 and Trp856) is not conserved. 
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GH13_25 glycogen debranching enzymes 
The GH13_25 GDEs are eukaryotic [4], bifunctional enzymes exhibiting both transferase (EC 2.4.1.25) and 
glucosidase (EC 3.2.1.33) activities [32] residing in two separate active sites. The reactions are thought to be 
channelled from one active site to the other: First, a maltosyl or maltotriosyl residue from a glycogen branch 
is transferred to the main chain by the transferase active site exposing an a-1,6-glucosyl stub that in turn is 
cleaved off at the glucosidase active site. The transferase reaction is retaining, while the glucosidase reaction 
is inverting [33, 34]. There is no published structure of a GH13_25 GDE, but the transferase part of the 
enzymes is predicted to belong to the GH13 (b/a)8-barrel catalytic domain fold and have the three invariant 
GH13 catalytic site residues [34]. The glucosidase part has been classified into GH133, a subfamily of 
inverting a-1,6-glucosidases [4]. The enzymes from the other GH13 subfamilies included here and from GH57 
are all retaining enzymes. Hence GH13_25 GDEs belong to a highly specialised and atypical group of a-
glucan debranching enzymes. Due to the different characteristics mentioned above and lack of a 3D structure, 
this review will not cover GH13_25 in detail. 
 
Pullulanases 
 
Pullulanases are important industrial enzymes (see the section below on application), which motivated 
characterisation of a large number of pullulanases (see Tables S1 and S2 for tables with specific activity and 
kinetic parameters of pullulanases). An immense amount of published data includes enzymes characterised at 
the protein level to be pullulanases, but which have no published protein sequence. Enzymes without sequence 
information, however, have not been included in the present review. 
Pullulanases are classified as type I (PULI) and type II (PULII) depending on the specificity. PULIs 
hydrolyse a-1,6-branch linkages in amylopectin, b-limit dextrin derived from amylopectin, and pullulan. Some 
PULIs also have low activity on glycogen (Tables S1 and S2). By contrast PULIIs hydrolyse both a-1,4- and 
a-1,6-glucosidic linkages in starch and pullulan, albeit some PULIIs only hydrolyse one of the linkage types 
in pullulan. PULIIs form two subgroups; one with one catalytic domain hydrolysing both bond types, and 
another having two catalytic domains, one being an a-amylase domain that hydrolyses a-1,4-linkages, and 
one PULI domain hydrolysing a-1,6-linkages. It has been suggested to formally divide PULIIs into these 
subgroups [35], but lack of general acceptance renders PULII literature confusing with regard to characteristic 
general and specialised PULII features. PULIIs are also called amylo- or amylase-pullulanases, which appears 
appropriate for the two-domain PULIIs, but amylase-pullulanase has been used for both PULII types. Here, 
we refer to PULIIs having one and two catalytic domains as PULII_I and PULII_II, respectively. In CAZy, 
the different pullulanases have EC number 3.2.1.41, but where dual-bond type specificity is shown the a-
amylase EC 3.2.1.1 is also given. Thus, the PULII_IIs may get typecast in GH13 both as a pullulanase and an 
amylase subfamily member [4]. 
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In summary, pullulanases are found in five different GH13 subfamilies (12, 13, 14, 39, and 41) and in 
GH57. The PULIs, i.e. enzymes with a-1,6-activity only, are in subfamilies GH13_12–14, while PULIIs 
cleaving both a-1,4- and a-1,6-glucosidic linkages are found in all five GH13 subfamilies and in GH57. 
 
Type I pullulanases 
Pullulanases from firmicutes, especially streptococci, generally belong to GH13_12, while GH13_13 contains 
pullulanases from plants (eukaryotes) and bacteria mainly found in soil and water, including photosynthetic 
bacteria. Plant pullulanases are historically called limit dextrinases, referring to their substrate preference for 
limit dextrins, the hydrolysis products of amylopectin, over amylopectin. GH13_13 appears as a branch 
between two GH13_14 branches of the phylogenetic tree of the GH13 subfamilies reflecting that these 
subfamilies are closely related, but distinct. The main difference between them is in the length of three loops 
[5]. GH13_14 contains pullulanases from a range of bacteria, including bacilli. Besides the variations in loop 
lengths and additional inserts (see below), which are mainly phylogenetic issues, major differences between 
the three pullulanase subfamilies appear in the auxiliary domains associated with the catalytic domains. These 
differences together with other small differences in the catalytic domains reflect individual substrate 
preferences (Tables S1 and S2). 
 
Pullulanase type I structures 
Only PULIs are represented by crystal structures (Table 1). Despite the overall high structural similarity among 
the multi-domain GH13_12–14 PULIs (Fig. 2), sequence identities and similarities of pullulanases are low 
even for the catalytic domains. Accordingly, the GH13_12–14 enzymes differ in substrate specificity and 
preferences. In addition to the catalytic (b/a)8-barrel characteristic of GH13 [7], the typical pullulanase 
architecture has one or more N-terminal domains, including CBMs (see below) and a C-terminal domain 
common for most GH13 enzymes (see above). These auxiliary domains are associated with specificity 
differences between the three PULI GH13 subfamilies. Unfortunately, one or more N-terminal domains are 
missing from some of the GH13_12 and GH13_14 structures (Fig. 2). Recently, the first structure has been 
determined of a branched substrate in complex with a PULI, namely barley limit dextrinase (PDB entry 4J3W, 
Table 2) [36]. 
 
Type II pullulanases 
PULIIs are a very diverse group of enzymes with regard to enzymatic properties (see [37] for a comprehensive 
review). The PULIIs are multi-modular GH13 and GH57 enzymes having one or more CBMs in addition to 
the catalytic domain(s). PULIIs are not straightforward to classify in the CAZy GH13 subfamily system. In 
some cases, a PULII_II is assigned both to a PULI subfamily (GH13_12–14) and an a-amylase subfamily. 
Some PULII_Is were assigned their own subfamily, GH13_39, and very recently, 44 PULII_IIs are classified 
in GH13_41 governed by their amylase domain together with 11 subfamily members, having only an amylase 
domain. Of these PULII_IIs the pullulanase domain in 34 sequences is classified in GH13_12, and in 2 
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sequences in GH13_14, while 8 were not assigned to a GH13 subfamily. The majority of the GH13_12+41 
PULII_IIs are from Streptococcus suis strains.  
Enzymatic properties are only reported for four PULIIs from GH13_12–14: one PULII_I from 
Lactobacillus plantarum (GH13_14; BAF93906) [38, 39], and PULII_IIs from Streptococcus suis (GH13_12; 
CAR47543; only the amylase domain was characterised), Bifidobacterium breve (GH13_14 and GH13_32; 
AAY89038) and Bacillus sp. KSM-1378 (GH13_12 and GH13_41; AAS36537) [40-42]. Very recently an a-
glucan debranching enzyme from an uncultured bacterium originating from the gut of Hermetia illucens has 
been characterised [43]. It is partially sequenced (GenBank AGL50935), and proposed to be a PULII_II based 
on the enzymatic characterisation and CDD information [15, 43]. Its amylase domain is classified into the a-
amylase subfamily GH13_28, while the pullulanase domain is not in a subfamily [4]. Finally, another 
characterised a-glucan debranching enzyme from Thermococcus kodakarensis (BAD85166) was not classified 
to a GH13 subfamily [4]. It was previously referred to as a PULII [44], but recently suggested to be a pullulan 
hydrolase type III (see below) [45]. 
GH13_39 is a small PULII subfamily of 62 full-length protein sequences from bacteria, mainly 
thermophiles. They have a single catalytic site as based on a CDD search for hydrolysing both a-1,4- and a-
1,6-linkages [15]. GH13_39 enzymes, however, are not uniform with regard to number and types of domains 
additional to the GH13 catalytic domain (see section on CBMs below). Interestingly, very recently six protein 
sequences having both a GH13 and a GH77 catalytic domain (GH77 harbours to specificities: amylomaltase 
and 4-α-glucanotransferase) were added to GH13_39 [4]. This novel type of proteins has not yet been 
characterised. No GH13_39 PULIIs structure is available, but GH13_39 enzymes from Alicyclobacillus, 
Bacillus, Geobacillus, Thermoanaerobacter and Thermoanaerobacterium have been characterised [46-58]. 
For some of these the substrate bond specificity is not definite. Some are referred to as a “high-molecular 
amylase” in older literature, although they all hydrolyse both pullulan and starch. GH13_39 from 
Alicyclobacillus (ADZ99363) is described as an a-amylase [47]. PULII_I from Geobacillus thermoleovorans 
is one of the best-characterised GH13_39 members. It releases maltose, maltotriose and maltotetraose from 
soluble starch, glycogen, amylose and amylopectin, but only maltotriose from pullulan. Moreover, maltotriose 
and maltose were end-products of maltopentaose hydrolysis [51]. The PULII_Is from Bacillus sp. XAL601, 
Thermoanaerobacterium saccharolyticum and Thermoanaerobacter pseudoethanolicus released maltose, 
maltotriose, and maltotetraose from starch, but only maltotriose from pullulan [48, 53, 55]. Mutational analysis 
confirmed that the Thermoanaerobacter pseudoethanolicus enzyme has a single catalytic site responsible for 
both a-1,4- and a-1,6-linkage specificity [54]. 
Generally, PULII_Is are only able to hydrolyse pullulan a-1,6-linkages, while PULII_IIs can hydrolyse 
both a-1,4- and a-1,6-linkages in pullulan [38, 39, 48, 51, 53]. However, PULII_I from Anoxybacillus sp. 
SK3-4 (GenBank EPZ37192) is an exception, since the degradation products from pullulan is a mix of glucose, 
maltose, and maltotriose [59], and the enzyme has not been included in CAZy. It preferably cleaves a-1,6- 
rather than a-1,4-glucosidic bonds in pullulan [59]. 
 
GH57 type II pullulanases 
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GH57 PULII_Is have been characterised from several extreme thermophilic archaea: Caldivirga [60], 
Pyrobaculum [61], Pyrococcus [62], Sulfolobus acidocaldarius [63], Staphylothermus [64], and 
Thermococcus [45, 65-67]. None of these GH57 PULII_I members have been structure-determined, but they 
are predicted to have a single catalytic site with dual specificity for a-1,4- and a-1,6-linkages, and no known 
CBMs associated with the catalytic domain [4, 15]. However, a CDD-search with the characterised GH57 
PULII_Is indicated the presence of several additional domains [15]. Remarkably, Thermococcus siculi 
PULII_I is suggested to possess two CBM9-like domains usually found at the C-terminus of xylanases [67]. 
 
GH13_20 – Maltogenic α-amylases, neopullulanases, and cyclomaltodextrinases 
 
At least 29 GH13_20 members have been characterised. They cover different substrate and linkage 
specificities and include maltogenic a-amylase (EC 3.2.1.133), neopullulanase (EC 3.2.1.135), and 
cyclomaltodextrinase (EC 3.2.1.54) (see [68] for a comprehensive review). There seems not to be any 
consensus in the naming of GH13_20 enzymes which in the literature appears as being close to anarchistic. 
Lee et al. suggested that the above three groups of GH13_20 enzymes should be perceived as one, because 
they are not sufficiently different to keep individual names and enzyme codes [69].  
 Generally, the major substrates for GH13_20 are cyclodextrins (CD; cyclic a-1,4-linked glucose 
oligosaccharides), pullulan and starch. GH13_20 enzymes hydrolyse a-1,4- and a-1,6-glucosidic linkages, but 
not necessarily equally well. The maltogenic a-amylases prefer CDs and hydrolyse β-CDs (seven glucose 
units) ∼100 times faster than starch or pullulan [70]. Their main product from hydrolysis is maltose. By 
contrast, GH13 α-amylases having strict endo-activity towards a-1,4-linkages cannot hydrolyse CDs or 
pullulan. GH13_20 maltogenic amylase moreover attacks a-1,4- much more efficiently than a-1,6-linkages 
[71]. Most of the characterised GH13_20 enzymes catalyse transglucosylation besides their glucosidase 
activity [68]. One of the outliers among the characterised GH13_20 enzymes is the structure-determined 
Nostoc punctiforme enzyme, which prefers longer malto-oligosaccharides (>G8) and performs hydrolysis 
without transglucosylation or CD-hydrolysing activities common for the GH13_20 enzymes [72]. 
Dimerisation has been shown for a number of GH13_20 enzymes to be indispensable for activity [69, 72-75] 
and some exist in a monomer/dimer equilibrium in solution [68]. 
 GH13_20 enzymes are also called pullulan hydrolases and divided into groups depending on specificity: 
Pullulan hydrolases types I and II only hydrolyse a-1,4- and not a-1,6-linkages in pullulan. The final product 
is either panose (of pullulan hydrolase type I) or isopanose (of pullulan hydrolase type II). Pullulan hydrolase 
type III is a unique enzyme capable of hydrolysing both a-1,4 and a-1,6 glucosidic linkages in pullulan, and 
its final reaction products are a mixture of maltose, panose, and maltotriose [76].  
 Four GH13_20 have been structure-determined: a neopullulanase from Geobacillus stearothermophilus, 
a-amylase 2 from Thermoactinomyces vulgaris R-47 (TVAII), cyclomaltodextrinase from Thermus sp. 
IM6501 and debranching enzyme from Nostoc punctiforme (Table 1).  
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Oligo- and glucan 1,6-a-glucosidases 
 
GH13_31 encompasses isomaltulose synthases (EC 5.4.99.11), a-glucosidases (EC 3.2.1.20), oligo- and 
glucan-a-1,6-glucosidases (EC 3.2.1.10 and 3.2.1.70). Oligo- and glucan-a-1,6-glucosidases hydrolyse a-1,6-
linkages but differ in substrate size preference: i) glucan 1,6-a-glucosidases (G16G) favour 
isomaltooligosaccharides (glucose units connected by a-1,6-linkages) longer than the disaccharide isomaltose 
and are active on dextran (a linear a-glucan composed of mainly a-1,6-linked glucose units) and ii) oligo-1,6-
a-glucosidases (O16G) prefer short isomaltooligosaccharides and have highest activity on isomaltose, but are 
inactive on dextran. Each type of enzyme is highly selective and shows little or no activity for other than a-
1,6-linkages [77]. The GH13_31 members are unique in a-glucan debranching, since they primarily act on the 
linear a-glucan, dextran, but in addition can hydrolyse the a-1,6-linkage in panose (a-D-Glc-(1,6)-a-D-Glc-
(1,4)-D-Glc) [78]. Pullulan, starch, or starch derived oligosaccharides are not hydrolysed by GH13_31 
enzymes. Crystal structures are available of oligo- and glucan-a-1,6-glucosidases from Bacillus cereus 
(O16G), Lactobacillus acidophilus (G16G), and Streptococcus mutans (G16G) (Table 1). 
 
Carbohydrate binding modules (CBMs) in relation to a-glucan debranching enzymes 
 
A CBM is defined as a contiguous amino acid sequence within a carbohydrate-active enzyme with a discrete 
fold having carbohydrate-binding activity (www.cazy.org/Carbohydrate-Binding-Modules). The consensus 
function of such auxiliary domains is to bind polysaccharides and bring the catalytic domain in intimate contact 
with substrate, thus advancing carbohydrate hydrolysis. CBMs are grouped into 71 families according to CAZy 
[4] and possess a range of polysaccharide binding specificities. Several N-domains in a-glucan debranching 
enzymes have been identified as CBMs. Carbohydrate binding of most of the N-terminal domains has not been 
verified experimentally, but they share fold with functionally characterized CBMs [79]. The recognition of 
polysaccharides by CBMs plays a role in relation to metabolism, pathogen defence, polysaccharide 
biosynthesis, virulence, plant development etc. [80, 81]. In PULIs, CBMs are shown to be important for 
substrate specificity and catalytic efficiency [82].  
Various CBMs occur in a-glucan debranching enzymes, especially PULIs and PULIIs contain several 
different CBMs. The most prevalent CBMs among PULIs and PULIIs of GH13_12–14 are CBM41 and 
CBM48. Recently, one of the N-domains associated with GH13_14 enzymes (previously known as X45) was 
classified to the new family, CBM68 (Fig. 2) [83]. GH13_12–14 members also have N-domains with unknown 
function in addition to known CBMs. An N-terminal domain of barley limit dextrinase (PULI) from GH13_13 
resembles a CBM21 starch-binding domain based on structural homology (Fig. 2) [79]. The N-domain of a 
sorghum limit dextrinase has surprising impact on digestibility of sorghum starch [84]. GH13_11 enzymes 
have only one CBM, CBM48 also seen in the pullulanases (Fig. 2). According to CAZy, all GH13_39 have a 
CBM34 some have even two, other associated CBMs differ among GH13_39 members. CBM20 is thus found 
in characterised GH13_39 enzymes. The Geobacillus stearothermophilus GH13_39 even has a CBM48 [4], 
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and GH13_39 members have an N-domain (X25/N1) that resembles the N-domain in the structure of Bacillus 
acidopullulyticus GH13_14 PULI for which there is a structure (Fig. 2). N-terminal truncation of Geobacillus 
thermoleovorans GH13_39 PULII_I revealed this N-domain to be important in starch binding. Based on 
conserved amino acid residues at starch binding sites (SBSs) 1 and 2 of this domain, a relationship was 
suggested to CBM20, CBM48 and CBM69 [52]. Finally, some GH13_20s have CBM34 and GH13_31 
enzymes lack CBMs. Generally, GH57 PULII_Is do not have CBMs, although two GH57 PULII_Is have two 
CBM20s (ACR80150 and AEX85885) [4, 85], and one GH57 PULII_I is annotated to have two CBM48s 
(ABR30664) [4]. 
 
CBM20 
The CBM20s are known as classical C-terminal starch binding domains in microbial glucoamylases and 
amylases, and is one of the most thoroughly studied CBM families (see [85, 86] for reviews). CBM20 is mainly 
associated with starch-active proteins from GH families 13, 14, 15, and 77, but a few more GH families (14, 
31, 57, 97, and 119) also contain CBM20. Furthermore, CBM20 is found in glucan phosphatases like the 
mammalian laforin and starch-excess protein-4 (SEX4) required for normal a-glucan breakdown, and the two 
starch phosphorylating enzymes glucan, water dikinase and phosphoglucan, water dikinase [4, 85, 87]. 
CBM20s have two sites capable of binding granular starch [85, 88, 89]. In a very recent study of GH13_39 
PULII_I from Thermoanaerobacter pseudoethanolicus (ABY95795) the CBM20 lacked SBS2, showing that 
the presence of two starch binding sites is not a must for CBM20 function, since this specific domain still 
affect the Thermoanaerobacter pseudoethanolicus PULII_I activity on amylopectin and starch granules [90]. 
 None of the CBM20s associated with a-glucan debranching enzymes have been structure-determined, but 
CBM20 structures are solved of enzymes from 14 organisms representing 6 different enzyme specificities: b-
amylase (GH14; EC 3.2.1.2), β-cyclodextrin glucanotransferase (GH13_2; EC 2.4.1.19), maltogenic α-
amylase (Novamyl; GH13_2; EC 3.2.1.133), glucoamylase (GH15; EC 3.2.1.3), laforin, and 
glycerophosphodiester phosphodiesterase [4]. These include the NMR structure of Aspergillus niger 
glucoamylase CBM20 in complex with b-CD (PDB entry 1AC0) having two structurally and functionally 
independent binding sites. It is proposed that the first is for initial starch recognition, whereas the second site 
has higher carbohydrate affinity and locks CBM20 into place. A model structure showing two a-glucan chains 
bound to CBM20 in perpendicular orientation, suggests that the CBM20 may force starch strands apart thus 
increasing the surface accessibility or localise the enzyme to non-crystalline areas of the starch granule [89]. 
Recently, CBM20 of human “starch-binding domain-containing protein 1” was found to be important for the 
protein stability and ability to interact with glycogen-associated proteins like glycogen synthase, glycogen 
debranching enzyme and laforin [90]. The “starch-binding domain-containing protein 1” is able to bind 
glycogen, and its CBM20 has been demonstrated to bind amylose [90]. 
 
CBM34 
CBM34 has only been found associated with GH13 and GH77 proteins. Six CBM34 structures are solved: two 
in a-amylases from Thermoactinomyces vulgaris R-47 (TVAI, GH13_21; TVAII, GH13_20, Table 1), one in 
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amylase from Pyrococcus furiosus (no GH13 subfamily; PDB entry 4AEF) [91], and three in GH13_20 
enzymes from Bacillus, Geobacillus and Thermus (Table 1). The CBM34 and CBM21 b-sheets share topology 
[92]. Raw starch-binding has been demonstrated in the case of the N-terminal domain of Thermoactinomyces 
vulgaris a-amylase TVAI. The crucial Trp65 [93] of TVAI has no obvious counterpart in TVAII despite 
pronounced sequence similarity with the TVAI N-domain [93]. However, the N-domain of TVAII has been 
shown to play an essential role in activity as well as dimer formation [93]. 
 
CBM41 
CBM41 is only found with GH13 pullulanases. The tandem CBM41s of PULIs from streptococci are well-
described and attach the bacterium to glycogen reserves in alveolar cells enabling polysaccharide degradation 
by the pathogen; hence these CBM41s are referred to as virulence factors [94]. Remarkably, one of the two 
CBM41s in the N-terminal region of Streptococcus pneumoniae pullulanase forms part of the active site, and 
has an important role in activity [82]. Both crystallography, small-angle X-ray scattering (SAXS) and 
truncation data support this CBM41-active site coupling. The second CBM41 and most distal to the catalytic 
domain (Fig. 2) is proposed to adhere to glycogen particles [82, 95]. Kinetic analysis of Streptococcus 
pneumoniae pullulanase lacking both the N-terminal domain and both CBM41s, showed this truncated 
pullulanase to be roughly half as effective as wild-type in releasing maltooligosaccharides from glycogen, 
which is its in vivo function [82]. Furthermore, Streptococcus agalactiae pullulanase without the two CBM41s 
was less adhesive to human cervical epithelial cells than the full-length enzyme, supporting that the 
carbohydrate binding motifs of the CBM41s mediate adhesion [96]. CBM41 in GH13_14 PULI from 
Thermotoga maritima (AAD36907) is also well-characterised member. It served as a model for CBM41 a-
glucan binding as it was the first structure-determined CBM41 (PDB entry 2J72) [97]. It was shown to bind 
tightly to α-1,4-glucans, α-1,4-glucooligosaccharides, mixed α-1,4-1,6-glucooligosaccharides, and pullulan 
[82, 97, 98]. Two of the PULIs have been structure-determined with maltooligosaccharides bound to their 
CBM41(s) (PDB entries 2YA1, 2FHC, and 2FHF; Table 1). 
 
CBM48 
CBM48s and the starch-binding CBM20 (see above) are closely related, but CBM48s has only one SBS 
(corresponding to CBM20 SBS1), whereas CBM20 generally has two SBSs [85]. CBM48 is mostly seen in 
GH13 subfamilies acting on branched substrates: glycogen and starch branching enzymes (GH13_8–9), GDEs 
and ISAs (GH13_11), PULIs and PULIIs (GH13_12–14), and cyclomaltodextrinases (GH13_20) [99]. 
Furthermore, CBM48s are also present in GH10, 26, 43, 57 and 77, in the b-subunit (glycogen-binding) of 
AMP-activated protein kinases, and in the glucan phosphatase SEX4 [4]. The CBM48s from AMP-activated 
protein kinases are among the best studied [100-102]. Crystal structures of AMP-activated kinase (PDB entry 
1Z0M) and starch phosphatase DSP4 (PDB entry 4PYH) showed glucan binding to CBM48 [100, 103]. A 
recently characterised CBM48 forms a part of Arabidopsis Protein Targeting to Starch (PTST) required for 
amylose biosynthesis. The CBM48 mediates interaction of PTST with starch granules, and also secures correct 
localisation of granule-bound starch synthase (GBSS) in Arabidopsis [104]. 
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 In most CBM48s from GH13_11–14, the residues predicted to constitute the canonical SBS1 are not 
unambiguously conserved. Indeed, carbohydrate binding to CBM48 from ISA, GDEs, and pullulanases has 
not been demonstrated experimentally, but CBM48s from these enzymes possess a conserved tryptophan 
corresponding to Trp563 of the CBM20 SBS2 site in Aspergillus niger glucoamylase, suggesting that these 
sequences may be intermediates between CBM20 and CBM48 rather than being CBM48 [85]. By contrast 
CBM48 of branching enzymes binds glucans in crystal structures, thus maltopentaose is accommodated by 
CBM48 of rice branching enzyme (PDB entry 3VU2). The occupied binding sites were shown to be conserved 
in other starch branching enzymes [105]. Likewise, the crystal structure of the Escherichia coli branching 
enzyme solved in complex with maltooligosaccharides (PDB entries 4LQ1 and 4LPC) had maltose bound to 
its conserved CBM48 SBS [106]. 
 
CBM68 
Recently, GH13_14 Anoxybacillus PULI was realised to contain a new N-terminal CBM [83] classified as 
CBM68 in CAZy [4]. Its binding function is deduced from crystal structures; CBM deletion caused reduced 
thermostability and specific activity, and increased Km [83]. Two Anoxybacillus structures (PDB entries 3WDI 
and 3WDJ) had parallel bound maltooligosaccharides accommodated close to each other between the N-
terminal and the catalytic domains. These structures elicited assignment of the N-terminal domain as CBM68 
with specificity for maltotriose and maltotetraose [83], and in Bacillus acidopullulyticus GH13_14 pullulanase 
the N-terminal domain previously known as X45 was classified as CBM68 [4]. CBM68 has so far only been 
seen in pullulanases, at present in 206 sequences [4]. 
 
a-glucan debranching enzymes similarities and differences at sequence and structure level 
 
Phylogenetic analysis 
Phylogenetic analysis of GH13 a-glucan debranching enzymes shows that PULIs in subfamilies GH13_12–
14 are closely related with GH13_13 and 14 enzymes forming their own cluster (Fig. 3). In more detail, 
GH13_12 PULIs cluster together with GH13_12+41 PULII_IIs, and it seems plausible that GH13_12+41 and 
GH13_14+41 PULII_IIs evolved from a PULI by gene fusion, although there is currently no additional support 
for this hypothesis. The GH13_11 cluster is well-defined, adjacent to the PULI clusters, and slightly more 
distantly related to GH13_31. The GH13_39 PULII_Is cluster together with the GH13_20 sub-cluster. The 
analysis also shows that GH13_31 and GH13_20 enzymes are distantly related. Clearly, GH13_39 PULII_Is, 
however, are more closely related to GH13_20 enzymes, which, like GH13_39 enzymes, have one active site 
for hydrolysing both a-1,4- and a-1,6- linkages. GH13_20 enzymes, however, in general prefers a-1,4- over 
a-1,6-linkages, while enzymes of GH13_39 show the opposite trend. Based on this phylogenetic analysis we 
suggest that GH13_39 PULII_Is being intermediates of GH13_20 having dual bond-type specificity, and 
GH13_31 of strict a-1,6-specificity. GH13_39 PULII_Is evolutionary are also more evolutionary related to 
GH13_20 enzymes than to GH13_12–14 pullulanases in accordance with their associated CBMs, thus CBM34 
are found with both GH13_20 and GH13_39 and is not found with GH13_12–14 enzymes. Finally, the 
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phylogenetic analysis showed GH57 PULII_Is as distantly related to GH13_13 and GH13_14 PULIs (Fig. 3). 
The different folds and the fact that there are no conserved sequence motifs shared between the GH57 and 
GH13 enzymes make joint phylogenetic analysis of these GH families futile.  
 
Structure based comparison of a-glucan debranching enzymes 
Comparison of overall structures of six a-glucan debranching GH13 subfamilies shows obvious differences 
with regard to number and types of non-catalytic domains (Fig. 2), but variation is also seen between the 
subfamilies in the catalytic domains around the active site (Fig. 5). GH13_11–14 and GH13_20 enzymes have 
an open cleft-shaped active site, as opposed to a closed pocket-shaped active site is seen for the exo-acting 
GH13_31 (Fig. 5). The architecture of the active sites defines size and structure of the preferred substrates; 
even small differences in the curvature of the cleft-shaped active sites can define optimal lengths of substrate 
main chains and branches. Such differences within and between subfamilies are discussed intensely in the 
literature on crystal structures of GH13_11–14 enzymes [16, 19, 30, 36, 107] for example in search for an 
explanation of GH13_11 enzymes having no or very low activity on pullulan. Superimposition of a GH13_13 
structure in complex with a pullulan fragment with the GH13_11 structures shows it has an active site loop at 
the minus subsite region (glycon binding) that sterically hinders binding of the staircase-shaped pullulan (Fig. 
5a). Closer inspection of all a-glucan debranching enzyme structures with substrates or products bound at the 
active site makes it clear that orientation and position of the ligands vary significantly among the subfamilies. 
Only the glucose unit bound at subsite –1 superimposes well across subfamilies (Fig. 6a). However, not all 
subfamilies are represented by structures where both the plus (aglycone binding) and minus subsites, i.e. both 
sides of the cleavage site, are occupied by ligand. PULI subfamilies 12–14 have superimposing glucose units 
at subsites +1 and +2 in addition to subsite –1, illustrating their close relationship. The lonely glucose unit 
bound in subsite +2 of the Chlamydomonas reinhardtii ISA (PDB entry 4OKD) and Sulfolobus solfataricus 
GDE (PDB entry 2VR5) of GH13_11 also superimposes with glucose units in GH13_12–14 structures. The 
plus subsites of the barley PULI have been proposed to be high-affinity subsites, while branch binding minus 
subsites are proposed to be of low-affinity [36]. 
 
Conserved regions 
The a-glucan debranching enzymes are a relatively heterogeneous group when it comes to substrate 
specificity and preference. However, in spite of their mutual differences certain amino acid residues around 
the active site are conserved at positions defining the classical conserved sequences in GH13 (regions I–IV 
[6], Fig. 4). These motifs are to some extent useful to distinguishing the GH13 subfamilies. A great number of 
mutational studies are published on the importance of residues conserved among GH13 enzymes and within 
subfamilies. Here the focus is on residues important for modulating a-1,6-activity or for discriminating 
individual a-glucan debranching GH13 subfamilies where structure-determined enzymes serve as examples. 
Region I is not interacting directly with ligands in the active site, but mutational analysis of the histidine 
has shown that it is essential for catalytic activity for a GH13_13 PULI from Klebsiella [108]. 
	 14	
Region II harbours the catalytic nucleophile and even though the primary structure appears to differ 
considerably at certain positions, when comparing all structures of GH13 debranching subfamilies, a very strict 
conservation of the spatial position of not only the backbone, but also the rotamers of the varying residues 
make these superimpose perfectly (Fig. 6b). The valine (Val195) next to the catalytic nucleophile (Fig. 6b and 
c) was shown by mutational analysis to be important for the a-1,6-activity of the GH13_31 enzyme from 
Streptococcus mutans (PDB entry 2ZIC), since the corresponding alanine mutant changed specificity to a-1,4-
activity [109]. Additionally, a lysine (Lys275) in region III and a glutamic acid (Glu371) outside the active 
site were shown to be central structural elements in the recognition of a-1,6-glucosidic linkages [109]. The 
valine of region II was also important for the preference for a-1,4- and a-1,6-glucosidic linkages of the 
GH13_20 Thermoactinomyces vulgaris TVAII (PDB entry 1BVZ). Mutation to alanine altered the linkage 
preference from a-1,6- to a-1,4-linkages [110]. Comparison of representative structures from a-glucan 
debranching GH13 subfamilies with that of a Bacillus subtilis a-amylase (GH13_28) with a maltopentaose 
molecule spanning the catalytic site (PDB entry 1BAG) clearly shows that the position equivalent to Val195 
of Streptococcus mutans will constrain linkage type variability with respect to the subsite –1 and +1 linkage: 
A small amino acid like alanine, found in a-amylases, gives the spaciousness needed for the short and rigid a-
1,4-linkage, whereas increased size of the amino acid in position 195 makes it harder to accommodate an a-
1,4-linkage (Fig. 6c). The a-1,6-specific PULIs have large amino acids like methionine or leucine at this 
position, while GH13_20, GH13_31, and GH13_39 have the smaller valine (Fig. 4). 
Region III forms subsite +2 and harbours the general acid/base catalyst. This region has been suggested to 
be important for substrate binding in PULIs, especially the tryptophan that stacks with the glucose unit in 
subsite +2 was proposed to be critical (Fig. 6d) [36]. This tryptophan is conserved in the different subfamilies 
(Fig. 4), but due to variation in the loop positions of GH13_20 and GH13_31 structures it clashes with ligands 
accommodated in GH13_13 structures where an a-1,6-linkage is spanning the catalytic site. Kuriki showed 
that mutation of an isoleucine adjacent to the conserved tryptophan in GH13_20 from Bacillus 
stearothermophilus (PDB entry 1J0H) modulated a-1,6-activity (Fig. 6d): the isoleucine to tryptophan mutant 
had reduced a-1,6-activity, while replacement with valine increased the a-1,6-acitivity [111]. The tryptophan 
of the GH13_31 enzyme from Streptococcus mutans (Trp238) was shown by mutational analysis to be very 
important for hydrolytic activity especially on long chain substrates [112]. Moreover, from a structure 
comparison of the four structure-determined GH13_11 members it is seen that GH13_11 structures vary in 
region III. Thus loop following the general acid/base of the GDE from Sulfolobus solfataricus has a completely 
different direction (Fig. 6d).  
The backbone of region IV superimposes perfectly despite differences in amino acid residue types at some 
positions (Fig. 4 and Fig. 6e). Region IV harbours the aspartate that functions as transition state stabiliser, 
which shows rotamer variation among different GH13 structures (Fig. 6e) depending noticeably on the absence 
or presence of ligand [36]. By contrast, the invariant histidine in region IV is crucial for activity [108] forms 
forms part of subsite –1 and adopts the same rotamer in all the structures (Fig. 6e). Furthermore at region IV, 
the tyrosine in GH13_12–14 PULIs (Fig. 4) is on average 4.5 Å from the glucose unit at subsite +1. 
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Remarkably, this tyrosine ring superimposes with the aromatic ring of the equivalent histidine in GH13_11 
(Fig. 6e). 
 In addition to the four classical conserved GH13 regions, region V is proposed to define subfamilies 
GH13_20 and GH13_31, GH13_20 having an MPKln and GH13_31 a corresponding QpDln motif in this 
region (Fig. 4). Enzymes with MPDLN are suggested to create an intermediary group having diverse enzyme 
specificity of a-amylase, cyclomaltodextrinase and neopullulanase [77, 113]. 
 Regions VI and VII are suggested as signature regions of ISAs, PULIs and PULIIs [114-119]. Region VI 
was noted to distinguish ISAs and pullulanases: ISAs having VIYEVHVRG and PULIs IYELHIRDFS [114]. 
It is a part of the core of the (b/a)8-barrel and not in the active site, but interacts directly with region VII that 
generally forms a part of subsite –2. Different signature motifs of region VII have been suggested: YNWGYDP 
(PULI) and NYWGY (ISA) [114]; –NWGY– (PULIs) and –NH(K/R)Y– (PULIIs) [118, 119]. Based on a 
multiple sequence alignment only including the catalytic domains of PULII_Is and PULII_IIs these motifs 
clearly should be further specified, as PULIs and PULII_IIs both have –NWGY– while –NH(K/R)Y– is 
signature motif for GH13_39 PULII_Is [43]. There are exceptions, however, thus PULII_IIs can thus possess 
the signature motif of a PULI. This correlates with the fact that the pullulanase domain of PULII_IIs is 
phylogenetically similar to PULI domains (Fig. 3). Comparison of region VII from PULI, ISA, and GDE 
structures shows the tryptophan and the second tyrosine to superimpose very well for these members of 
different subfamilies, and that the aromatic ring of the first tyrosine residues in the sequence motif VII motif 
superimpose despite a shift of one residue (Fig. 6f). The major difference between PULIs and GH13_11 
enzymes in this region is the interplay of the asparagine and the aspartic acid of the PULIs, which interact with 
each other as well as with the glucose unit in subsite –2 and even a terminal glucose unit in the pullulan 
fragment (PDB entry 4J3X). In the GH13_11 enzymes, the asparagine makes contact with the glucose unit in 
subsite –2. 
 
Biological function and industrial application of a-glucan debranching enzymes 
 
Most α-glucan debranching enzymes serve in mobilization of energy in eukaryotes, archaea and bacteria by 
degrading the storage carbohydrates glycogen and amylopectin. a-glucan debranching enzymes, however, 
have also been shown to participate in biosynthesis of the a-glucans. Thus in plants debranching is required 
to modify the structure of the growing amylopectin molecule to a more ordered structure, which as a 
consequence promotes the formation of crystalline amylopectin regions essential to the integrity of the starch 
granule [120]. All plants characterised to date contain two conserved types of starch debranching enzymes; 
PULI (in plants called limit dextrinase) and ISA of which at least three genes (ISA1–3) are found [121]. ISA 
and PULI appear to be conserved separately during evolution of prokaryotes and higher plants, and these 
enzymes are more closely related to a bacterial counterpart than to the other type of plant debranching enzyme 
[121]. The physiological function of ISA in starch biosynthesis is well-established based on mutants deficient 
in one or more ISA isoforms in barley [122], Arabidopsis [123-125], maize [126], and rice [127-130]. 
Generally, ISA is assumed to catalyse editing of excessively branched chains or removal of improper branches 
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formed in biosynthesis of amylopectin by branching enzymes to achieve the cluster structure of amylopectin 
[131-133]. These studies show that lack of ISA results in production of the disordered water-soluble 
polysaccharide, phytoglycogen, that resembles glycogen and lacks the structural features of amylopectin that 
allow formation of crystalline regions in starch granules. 
 Compared with ISA, the role of the limit dextrinase (PULI) in starch biosynthesis is less well-established. 
However, besides during germination, substantial PULI activity has been detected in developing rice and maize 
endosperms [114, 134], and the presence of mRNA for barley limit dextrinase was found in this stage of the 
plant lifecycle [135]. PULI is thus proposed to participate in starch synthesis in rice, maize and Arabidopsis 
[121, 124, 129]. Mutational studies of the starch debranching enzymes in higher plants however display distinct 
and slightly different expression profiles of mutant phenotypes leading to contradictory interpretations. One 
explanation for these small, albeit significant differences could be some level of functional overlap of the 
various starch debranching enzymes. If the balance between the starch debranching enzymes or their degree 
of functional redundancy varies from species to species these small differences might explain the apparent 
contradictory observations [124]. 
 Bacterial pullulanases are often extracellular being either secreted or attached to the cell surface [136]. 
Besides the important for degradation of a-glucans into maltooligosaccharides, to be transported into cells to 
enter the intracellular energy metabolism, the extracellular pullulanases can have another role: PULIs from 
Streptococcus were shown to be so-called virulence factors that facilitate binding of streptococci to host mucus 
e.g. in lungs. As already mentioned it is the CBM41s, which contribute to binding of cell surface attached 
pullulanases to the epithelial mucus layer [94, 96]. 
 
Industrial application 
Industrial use of a-glucan debranching enzymes comprises two areas: degradation of starch into glucose, 
maltose, and maltodextrins and production of carbohydrates with new functions. Starch is a major raw material 
for the brewing industry and in the manufacture of various products such as bio-ethanol, coating agents in the 
paper industry, anti-staling agents, and sugar syrups. Debranching enzymes play a key role together with the 
amylases in these industrial processes. Starch saccharification at very high rate and at low temperature is 
attractive for commercial food, feed and fuel production. To this end, well-known high rate ethanol producers 
like Saccharomyces cerevisiae with high ethanol tolerance have been complemented with glucoamylases and 
a-glucan debranching enzymes to achieve the saccharification and debranching needed for complete 
hydrolysis of starch to ethanol by S. cerevisiae [137]. Furthermore, a-glucan degrading enzymes are prominent 
additives to detergents, where they function to remove starch stains from cloth. Due to the industrial 
importance of a-glucan debranching enzymes several review articles focus on this topic [37, 138-141]. 
Especially enzymes from thermophilic and mesophilic organisms received much attention in relation to 
industrial applications, due to their high stability under extreme temperature and pH conditions ensuring robust 
industrial processes [142].  
 GH13_20 enzymes play a role in relation to production of carbohydrates with new functions, e.g. of linear 
or cyclic oligosaccharides proposed to have prebiotic properties [143, 144]. An emerging biotechnology could 
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involve engineering of the repertoire of a-glucan debranching enzymes in planta for modification of starch 
structure and large-scale production for more or less easily digestible food and feed. This approach for 
utilisation of the industrial potential of a-glucan debranching enzymes is still in its infancy. 
 
Conclusions 
 
The present review emphasises that a-glucan debranching enzymes are a diverse group of enzymes, with 
remarkable differences and similarities currently found in GH13 subfamilies and GH57. The first PULI crystal 
structure solved a decade ago is today complemented by a very valuable knowledge-base of both free and 
carbohydrate complexed structures, including the first branched substrate complex structure, that is key to 
understanding the relationship between structure and function for a-glucan debranching enzymes. But 
important enzyme types remain to be structure-determined. The phylogenetic analysis presented here indicate 
that GH13_39 is a missing link between the strict a-1,6-acting PULIs and pullulan hydrolases with dual a-
1,4- and a-1,6-linkage specificity, which draws special attention to the fact that novel structures of GH13_39 
and GH57 PULII_Is are lacking. 
 The many new structures have made it possible to decipher a-1,6-bond type specificity versus a-1,4-bond 
type specificity and identify sub-structures and sequence motifs that functionally differentiates the various 
types of a-glucan debranching enzymes. These sub-structures and sequence motifs can serve as inspiration for 
enzyme design but novel structures of a-glucan debranching enzymes and/or complementary data are needed 
to add enough detail to the  activity and specificity knowledge to allow enzymes of potential industrial 
relevance to be rationally engineered.  
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TABLES 
Table 1. Overview of the a-glucan debranching enzymes covered in the present review. See Tables S1 and 
S2 for details on kinetic constants and relative specific activities of characterised GH13_11–14, GH13_39, 
and GH57. 
GH 
family 
Enzyme name Glucosidic linkage specificity and 
substrate preference 
13_11 Isoamylase (ISA) α-1,6 (amylopectin and derived branched 
maltooligosaccharides) 
Glycogen debranching enzyme (GDE) α-1,6 (glycogen and amylopectin) 
13_12 Pullulanase type I (PULI) α-1,6 (amylopectin and derived branched 
maltooligosaccharides and pullulan) 
Pullulanase type II with two catalytic domains (PULII_II) α-1,4 and α-1,6 (starch, starch derivatives 
and pullulan) 
13_13 Pullulanase type I/limit dextrinase (PULI) α-1,6 (amylopectin derived branched 
maltooligosaccharides and pullulan) 
13_14 Pullulanase type I (PULI) α-1,6 (amylopectin and derived branched 
maltooligosaccharides and pullulan) 
Pullulanase type II with two catalytic domains (PULII_II) α-1,4 and α-1,6 (starch, starch derivatives 
and pullulan) 
13_20 Pullulan hydrolase/maltogenic α-amylase α-1,4 and α-1,6 (starch, starch derivatives, 
pullulan and β-cyclodextrin) 
13_31 Oligo- and glucan-1,6-α-glucosidase α-1,6 (linear isomaltooligosaccharides, 
panose and dextran) 
13_39 Pullulanase type II with one catalytic domain (PULII_I) α-1,4 and α-1,6 (starch and derivatives and 
pullulan) 
13_41 Pullulanase type II with two catalytic domains (PULII_II) α-1,4 and α-1,6 (starch and derivatives and 
pullulan) 
57 Pullulanase type II with one catalytic domain (PULII_I) α-1,4 and α-1,6 (starch and derivatives and 
pullulan) 
 
 
Table 2. Overview of the published crystal structures of GH13 a-glucan debranching enzymes. 
GH subfamily Organism PDB entry Ligand(s) in active site 
Resolu-
tion (Å) References 
13_11 
ISAs and GDEs 
Chlamydomonas reinhardtii CC425 4J7R 
4OKD 
None 
Maltoheptaose 
2.3 
2.4 
[16] 
Escherichia coli str. K-12 substr. 
MG1655 
2WSK None 2.25 [19] 
Pseudomonas amyloderamosa SB-
15 
1BF2 None 2.0 [29] 
Sulfolobus solfataricus P2 2VNC 
2VR5 
2VUY 
None 
Acarbose 
None 
3.0 
2.8 
3.0 
[30] 
13_12 
PULIs 
Streptococcus agalactiae 3FAW 
3FAX 
 
None 
Maltotetraose (only 3 
glucose units solved) 
2.1 
2.4 
[96] 
Streptococcus pneumoniae 2YA0 
2YA1 
2YA2 
None 
2 x maltotetraose 
G-moranoline 
1.85 
2.25 
2.37 
[82] 
13_13 
PULIs 
Hordeum vulgare, barley 4AIO 
2Y4S 
2Y5E 
4CVW 
4J3S 
4J3T 
4J3U 
4J3V 
None 
β-cyclodextrin 
α-cyclodextrin 
Proteinaceous inhibitor 
Maltotriose + maltotetraose 
Maltotetraose 
Maltosyl-S-β-cyclodextrin 
1.9 
2.1 
2.49 
2.67 
1.75 
1.6 
1.7 
1.45 
[36, 79, 
145, 146] 
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4J3W 
4J3X 
Branched thio-linked 
hexasaccharide 
Amylopectin fragment 
Pullulan fragment 
1.67 
1.75 
Klebsiella pneumoniae/aerogenes 2FGZ 
2FH6 
2FH8 
2FHB 
2FHC 
2FHF 
None 
Glucose 
Isomaltose 
2 x maltose 
2 x maltotriose 
2 x maltotetraose 
1.75 
1.8 
1.9 
1.8 
1.85 
1.65 
[107] 
Klebsiella oxytoca/pneumoniae 
UNF 5023 
2YOC None 2.88  
13_14 
PULIs 
Anoxybacillus sp. LM18-11 3WDH 
3WDI 
3WDJ 
None 
Maltotriose 
Maltotetraose 
1.75 
2.2 
2.22 
[83] 
Bacillus acidopullulyticus 2WAN None 1.65 [147] 
Bacillus subtilis subsp. subtilis str. 
168 
2E8Y 
2E8Z 
2E9B 
None 
α-cyclodextrin 
Maltotriose 
2.11 
2.2 
2.3 
[148] 
13_20 
Maltogenic a-
amylases/ 
cyclomaltodextrinase/ 
neopullulanase 
Bacillus sp. 1EA9 None 3.2 [69] 
Geobacillus stearothermophilus 
TRS40 
1J0H 
1J0I 
1J0J 
1J0K 
None 
Panose 
Maltotetraose 
Isopanose 
1.9 
2.4 
2.8 
3.2 
[149] 
Thermoactinomyces vulgaris R-47 1BVZ None 2.6 [73, 150-
156] 1G1Y b-cyclodextrin 3.0 
1JF5 None 3.2 
1JF6 None 3.2 
1JI2 None 2.3 
1JIB Maltotetraose 3.3 
1JL8 b-cyclodextrin 3.2 
1VB9 43-a-panosylpanose 2.2 
1VFK Acarbose 2.8 
1VFM a-cyclodextrin 2.9 
1VFO b-cyclodextrin 2.81 
1VFU g-cyclodextrin 3.1 
1WZK None 2.3 
1WZL None 2.0 
1WZM None 3.2 
2D2O Maltohexaose 2.1 
3A6O Acarbose 2.8 
Thermus sp. IM6501 1GVI 
1SMA 
b-cyclodextrin 
None 
3.3 
2.8 
[69, 71] 
Nostoc punctiforme PCC73102 
ATCC29133 
2WC7 
2WCS 
2WKG 
None 
None 
None 
2.37 
2.8 
3.0 
[72] 
13_31 
Oligo- and glucan-1,6-
a-glucosidases 
Bacillus cereus ATCC 7064 1UOK None 2.0 [157] 
Lactobacillus acidophilus NCFM 4AIE None 2.05 [77] 
Streptococcus mutans ATCC 25175 2ZIC 
2ZID 
None 
Isomaltotriose 
2.2 
2.2 
[158] 
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FIGURES 
Fig. 1. Basic structural motifs of the a-glucan substrates amylopectin (a), glycogen (b), and pullulan (c). 
 
Fig. 2. Domain organization (top) of the structure-determined a-glucan debranching enzymes and overall 
structure of selected GH13_11 and GH13_12–14 (bottom). The domain assignment and the residue numbering 
are according to the literature references for the structures (see Table 1). Some of domain assignments have 
been updated according to CAZy [4] and in the cases where there was no primary reference for the structure, 
the domains have been assigned based on superimposition with other related structures. An asterisk indicates 
domains lacking in the crystal structures. The colour code of the structures follows the domain organisation 
overview. Ligands (grey) are shown as stick representation, while catalytic residues (black) are shown as 
spheres. 
 
Fig. 3. Phylogenetic tree including enzymatically characterised enzymes from GH13 a-glucan debranching 
subfamilies (see Figure S1 for associated multiple sequence alignment). The phylogenetic tree was made using 
the Maximum Likelihood method in MEGA6 [159], and it was based on a multiple protein sequence alignment 
including the catalytic domain of biochemically characterised enzymes from GH13_11 (9 sequences), 
GH13_12 (5, including two assigned as well to GH13_41), GH13_13 (8), GH13_14 (14), GH13_20 (12), 
GH13_31 (9), GH13_39 (10), and GH13_41 (44 – i.e. all available sequences assigned to this subfamily having 
a pullulanase domain), which was built using muscle in MEGA6 [159]. The catalytic domains were extracted 
based on CDD domain assignments (AmyAc_Glg_debranch, AmyAc_Pullulanase_LD-like, AmyAc_CMD, 
AmyAc_SI_OligoGlu_DGase) [15], while only the pullulanase catalytic domains were included in the case of 
PULII_IIs. 
 
Fig. 4. Sections of a structure-guided multiple protein sequence alignment including all structures mentioned 
in Table 1 and the catalytic pullulanase domain from GH13_12 of selected characterised PULII_IIs from and 
GH13_39 PULII_Is (see Figure S2 for full alignment). The order of the protein sequences is as aligned by the 
applied Promals3D alignment algorithm. The consensus structure of the catalytic domain (grey ribbon; 
catalytic residues are shown as sticks) was generated based on the structures included in the alignment using 
MAPSCI [160]. Regions I–IV refer to the four conserved motifs of all GH13 proteins [6]. Regions V–VII are 
additional specificity motifs. The general motifs are given below regions I–IV: X, usually a hydrophobic 
residue; B, usually a hydrophilic residue; Z, a residue important for specificity [6]. The catalytic residues are 
indicated by asterisks, while green dashed boxes indicate residues of special interest and mentioned in the 
discussion. The structure guided alignment was generated using Promals3D [161] and visualised using ESPript 
3.0 [162]. 
 
Fig. 5. Active site architecture of a-glucan debranching enzymes. a GH13_11 (PDB entry 4OKD); b GH13_13 
(PDB entry 4J3W); c GH13_20 (PDB entry 1J0J); and d GH13_31 (PDB entry 2ZID). Ligands from the 
respective structures are shown as sticks. 
	 33	
	
Fig. 6. Differences and similarities of the structure determined a-glucan debranching GH13 enzymes. See text 
for description of specific residues labelled in the multipanel figure. a Superimposition of the catalytic residues 
and ligands at subsite –1 of representative structures of a-glucan debranching GH13 enzymes: GH13_11 (PDB 
entries 4J7R and 4OKD; maltoheptaose, pink), GH13_13 (PDB entries 4AIO, 4J3W, and 4J3X; 62-a-D-
maltotriosyl-maltotriose, blue; 63-a-D-glucosyl-maltotriosyl-maltotriose, limon), GH13_20 (PDB entries 
1BVZ and 1VB9; 42-a-panosyl-panose, cyan), GH13_20 (PDB entries 1J0H and 1J0J; maltotetraose, purple), 
and GH13_31 (PDB entries 2ZIC and 2ZID; isomaltotriose, orange). b Superimposition of region II including 
the branched ligand from PDB entry 4J3W (blue sticks) representative structures from GH13 subfamilies 11 
(PDB entries 4J7R and 2VNC; pink and green), 12 (PDB entry 2YA0, wheat), 13 (PDB entry 4AIO, blue), 14 
(PDB entry 2E8Y, light blue), 20 (PDB entries 1J0H and 2WC7; purple and white), and 31 (PDB entry 2ZIC; 
orange). c Superimpositions of amino acid resides equal to Val195 of the Streptococcus mutans GH13_31 
enzyme (colour code as for b). The maltopentaose from a Bacillus subtilis a-amylase (PDB entry 1BAG, teal 
sticks) and the branched ligand from the GH13_13 limit dextrinase from barley (PDB entry 4J3W, blue sticks) 
are included for labelling of subsites. d Superimposition of region III of the same structures as in b (only 
exception is that PDB entry 2E8Z is used instead of 2E8Y), with special focus on the tryptophan stacking with 
the glucose unit in subsite +2. e Superimposition of region IV including same structures as in b. f 
Superimposition of region VII of all GH13_11 structures (cyan sticks) and representative GH13_12–14 
structures (PDB entries 2YA0, 4AIO, and 2E8Y; orange sticks) including the pullulan fragment from PDB 
entry 4J3X (limon sticks) and the maltoheptaose from PDB entry 4OKD. All structure visualisations were 
made using PyMOL (The PyMOL Molecular Graphics System, Version 1.7.4 Schrödinger, LLC).	






1       10        20        30         40                                                     X  X  X  X  X
11_|BAA11864.1|_150                         DEEEEEF DF DF                                                                 IIY  IK  TFDWEDEHFFFRRKIPFK S    TH  GI KL.RQDLPENVR....................................................
11_|AAB63356.1|_198                         KdddddG KG KG                                                                D VIYEV VR  T...DATSVGSKPTRALK E     H  GL RN..DDSVPAAER...................................................
11_|AAC76456.1|_136                         KdddddG KG KG                                                                  IIYEA VK  T...YDWEDDAPPRTPWGST     H  GL YL.HPEIPVEIR....................................................
11_|BAA29041.1|_152                         KdddddG KG KG                                                                DLVIYEM LR FT...FDWQGDLPLRYPQK       H  G  KH...SSSNVEHP...................................................
11_|AAK42273.1|_156                         KdddddG KG KG                                                                D VIYEV VK FTFEWDDEDFIKGKKVPLK T     H  G  KL.RLDLPENIR....................................................
11_|BAB99500.1|_150                         KdddddG KG KG                                                                E VIYEA VK  T...FDWGNDRAPRIPYN T     H  GM MT.HPDVPEELR....................................................
11_|AAM81590.1|_156                         KdddddG KG KG                                                                D VIYEV VK FTFEWDDENFIKGKKVPLK T     H  G  KL.RLDLPENLR....................................................
11_|AAP85534.1|_244                         KdddddG KG KG                                                                 LVIYEA VR FT...FDWEGDTPLNLPMES      H  G  AH...ASSGVAAP...................................................
11_sp|P10342|_193                           KdddddG KG KG                                                                D VIYEV VR FT......STGTKPTRAQK D     H  G  EQ...DTSIPAQY..................................................R
12_|AAK74446.1|_586                         KdddddG KG KG                                                                DAVIYEA VR FT................E       H  D  SD..PAIAKDLTK.................................................PF
12_|AAN00098.1|_611                         KdddddG KG KG                                                                DAVIYEA VR FT................Q       H  D  SD..RSLDGKLKN.................................................QF
12+41_|AAS36537.1|_1272                     KdddddG KG KG                                                                D IIYEV VR FT................E T     H  D  SD..PNIGEDLKA.................................................QF
12_|ACI61883.1|_510                         KdddddG KG KG                                                                DAIIYEA VR FT................E       H  D  SD..KALEGKLTH.................................................PF
12+41_|CAR47543.1|_1377                     KdddddG KG KG                                                                DAIIYEA VR FT................E       H  D  AD..PAISDELTA.................................................QF
13_|CAA36431.1|_431                         KdddddG KG KG                                                                 M I E IR  S.................. T H SH  DL AW.DQTVPAELR....................................................
13_|AAA25124.1|_443                         KdddddG KG KG                                                                 M I E IR  S.................. T H SH  DL AW.DQTVPAELR....................................................
13_|AAD04189.1|_273                         KdddddG KG KG                                                                DI IYEL IR FS.................  T    H  D  AH..DGTVDSDSR...................................................
13_|BAA28632.1|_328                         KdddddG KG KG                                                                DI IYEL IR FS.................  S    H  D  AH..DSTVDCNSR...................................................
13_|AAD11599.1|_330                         KdddddG KG KG                                                                DI IYEL IR FS.................  S    H  D  AH..DSTVDCPFR...................................................
13_|AAN26412.1|_331                         KdddddG KG KG                                                                DI LYEL IR FS.................  S    H  D  AY.DLTVHPDLR....................................................
13_|ABL84490.1|_331                         KdddddG KG KG                                                                DI IYEL IR FS.................  T    H  D  AH..DGTVDSDSC...................................................
13_|CED95594.1|_470                         KdddddG KG KG                                                                DAVIYE IR FS................E      H  D  IR..DQSTSAAHR...................................................
14_|ACN58254.1|_339                         KdddddG KG KG                                                                DAIIYEI I  T................E       H ADI GF...ENSGVKNR...................................................
14_|BAB62095.1|_218                         KdddddG KG KG                                                                DAIIYEL IR FT................T       S  D  SH...PDSGAVHK...................................................
14_|AAD30387.1|_347                         KdddddG KG KG                                                                DAIIYEI I  T................E       H ADM GL...DNSGVKNK...................................................
14_|BAF93906.1|_464                         KdddddG KG KG                                                                 AIV EL IR FT................TQ   D  H  D  SS..STSGVSAGN..................................................R
14_|AAY89038.1|_1075                        KdddddG KG KG                                                                DAII EA VR  T................T    T  N  DM IN..PNSGVSEAN..................................................R
14_|AAB06264.1|_330                         KdddddG KG KG                                                                DAIIYEM VR FT.................       H  D  ID.QSSGIGENLR...................................................
14_|AFL46505.1|_460                         KdddddG KG KG                                                                DAIIYE VR  S................T      SH  DL MF..DVTNSGYDS..............................................GIKQK
14_|AJG04842.1|_460                         KdddddG KG KG                                                                DAIIYE VR  S................T      TH  DL MFDVTGTTYDSGI................................................KQK
14_|AAD30387.1|_347_2                       KdddddG KG KG                                                                DAIIYEI I  T................E       H ADM GL...DNSGVKNK...................................................
14_|CAC85704.1|_218                         KdddddG KG KG                                                                DAIIYEL IR FT................T       S  D  SH...PDSGAVHK...................................................
14_|AAS47565.1|_372                         KdddddG KG KG                                                                DAIIYEM VR FS................T       H  D  IY...PDSGNKYK...................................................
14_|AEW23439.1|_217                         KdddddG KG KG                                                                DAIIYEM IR FT................T       H  D  IH...HESGVRQK...................................................
14_|CAC60156.1|_431                         KdddddG KG KG                                                                D VIYEA VR FS................V E     H  D  ID...ANSGMKNK...................................................
14_|AAE10887.1|_429                         KdddddG KG KG                                                                D VIYEM VR FS................E E     D  D  ID...PNSGMKNK...................................................
14_|AAC00283.1|_213                         KdddddG KG KG                                                                DAVIYE LR FS................V      TH  D  IH...ENSGMINK...................................................
14_|CAC60157|_429                           KdddddG KG KG                                                                D VIYEM VR FS................E E     D  D  ID...PNSGMKNK...................................................
14_|AAD36907|_339                           KdddddG KG KG                                                                DAIIYEI I  T................E       H ADI GL..ENSGV..KN..................................................K
20_|BAA02473.1|_130                         KdddddG KG KG                                                                EAVIY I   F .................     Q FPER ANG..DPSNDPPGT................................................EQW
20_|AAA22622.1|_134                         KdddddG KG KG                                                                D V Y I   F ................. T W Q FPER ANG.NPSISPEGSR.................................................PW
20_|AAC46346.1|_134                         KdddddG KG KG                                                                D I Y I   F ................. T W Q FPER ANG.NEALNPAGTL.................................................PW
20_|AAC15072.1|_134                         KdddddG KG KG                                                                D V Y I   F ................. T W Q FPER ANG.NPAISPKGAR.................................................PW
20_|AAF23874.1|_137                         KdddddG KG KG                                                                  V Y I   F .................ST W Q FPER ANG.REDLSPKNAL.................................................PW
20_|AAK15003.1|_134                         KdddddG KG KG                                                                D V Y I   F ................. T W Q FPER ANG.NPSISPEGSR.................................................PW
20_|ABJ59624.1|_136                         KdddddG KG KG                                                                  V Y I   F ................... W Q FPER ANG..DKSNDPVNV................................................KPW
20_|ABS59068.1|_41                          KdddddG KG KG                                                                 AV Y I   F ..................  W Q FPER RNG..DRRNDPKAA...........................DAAVFNREWSISPWTSDWYKLQPW
20_|ACC84362.1|_11                          KdddddG KG KG                                                                 AV Y I   F .................H  F Q FPDR ARS.KQPRKRLLQE................................................ARW
20_|BAI67607.1|_9                           KdddddG KG KG                                                                DAV Y I   F .................   F Q FPER ANA.DPSLDPQNVV.................................................PW
20_|AFM43699.1|_134                         KdddddG KG KG                                                                D V Y I   F ................. T W Q FPER ANG.NPAISPKGAR.................................................PW
20_|AHW51935.1|_133                         KdddddG KG KG                                                                  V Y I   F .................NT W Q FPER ANG.NPSRDPDTTL.................................................PW
31_|CAA37583.1|_7                           KdddddG KG KG                                                                E VVY I  R F ................K S   Q YP S MDS......NGDGI...................................................
31_|BAA00534.1|_6                           KdddddG KG KG                                                                EAVVY I  R F ................K     Q YP S YDS......NGDGF...................................................
31_|BAA01368.1|_7                           KdddddG KG KG                                                                EAVVY I  R F ................K     Q YP S YDS......NGDGI...................................................
31_|BAA11354.1|_6                           KdddddG KG KG                                                                 AVVY I  R F ................K     Q YP S YDT......NGDGI...................................................
31_|AAK27723.1|_24                          KdddddG KG KG                                                                 AVVY I  R FQ.................N    Q YP S  DS......NGDGI...................................................
31_|AAV42157.1|_6                           KdddddG KG KG                                                                 AVVY V  K FQ................KN    Q YP S  DS......NGDGI...................................................
31_|BAE79634.1|_2                           KdddddG KG KG                                                                 A VY I  K F ................H  T  Q YP S MDT......NGDGI...................................................
31_|ACM89182.1|_27                          KdddddG KG KG                                                                 AVVY I  R FQ.................N    Q YP S  DT......NGDGF...................................................
31_|ACM89183.1|_26                          KdddddG KG KG                                                                 AVVY I  R FQ.................N    Q YP S  DT....NGDGL.....................................................
39_|AAA23205.1|_385                         KdddddG KG KG                                                                  VMY I   F .................GS   Q FPDR FNG..DSSNDHLKK................YSRGFDPVEYHSNWYELPDNPNDKNKLGYTGDGIW
39_|AAA19800.1|_388                         KdddddG KG KG                                                                 AVMY I   F .................G    Q FPDR YNG..DTSNDHAKT................LSRGNDPIEFHNDWNDLPDNPNNAGTPGYTGDGIW
39_|BAA05832.1|_475                         KdddddG KG KG                                                                 AVVY I   F .................Q    Q FPDR FNG..NPNNDKVKE................YGRGNEPIE.YREWSQLPDNPRMKDTPGYDGDGFW
39_|AAG44799.1|_479                         KdddddG KG KG                                                                 AVVY I   F .................Q    Q FPDR FNG..NPNNDKVKK................YARGNEPIE.HREWSELPDNPRMKATPGYDGDGIW
39_|ABR26448.1|_397                         KdddddG KG KG                                                                EAVVY I   F .................     Q FPDR FNG..NPSNDNSKQ................QARGAQPIE.HRDWSDLPDNPRLKGTSGYDGDGEW
39_|ABY95795.1|_385                         KdddddG KG KG                                                                 AVMY I   F .................G    Q FPDR YNG..DPLNDRLKE................YSRGFDPVEYHDDWYDLPDNPNDKDKPGYTGDGIW
39_|ACR15165.1|_384                         KdddddG KG KG                                                                 AVMY I   F .................G    Q FPDR YNG..DTSNDHAKT................LSRGNDPIEFHNNWNDLPDNPNNAGTPGYTGDGIW
39_|ACV59878.1|_541                         KdddddG KG KG                                                                 AVIYEI   F .................H      MPDR YNG...NIATEENPNTQKGIYVGADGTESLGPIQFHENWDSPPYDPNIPPLSDPKIASLRGNGQW
39_|ADZ99363.1|_550                         KdddddG KG KG                                                                 AVIYEI   F .................H      MPDR YNG...DIANDENPKTQKGIYTDAVGQETLGPIQFHQDWNSQPYDPNIPASSDPAIQALRGNGQW
39_|AFI70750.1|_397                         KdddddG KG KG                                                                EAVVY I   F .................     Q FPDR FNG..NPSNDNSKQ................QARGAQPIE.HRDWSDLPDNPRLKGTSGYDGDGEW
41_AHY15164.1|St_iniae_1419                  KdddddG KG KG                                                                DAIIYEA VR FT................E       H  D  SD..VAISSQLKN.................................................QF
41_AGL48789.1|St_suis_1378                  KdddddG KG KG                                                                DAIIYEA VR FT................E       H  D  SD..PAISDELTA.................................................QF
41_AHY17035.1|St_iniae_1419                  KdddddG KG KG                                                                DAIIYEA VR FT................E       H  D  SD..VAISSQLKN.................................................QF
41_AGZ24199.1|St_suis_1377                  KdddddG KG KG                                                                DAIIYEA VR FT................E       H  D  SD..PAISDELTA.................................................QF
41_ABP93225.1|St_suis_1252                  KdddddG KG KG                                                                DAIIYEA VR FT................E       H  D  AD..PAISDELTA.................................................QF
41_AER20299.1|St_suis_1389                  KdddddG KG KG                                                                DAIIYEA VR FT................E       H  D  SD..PAISDELTA.................................................QF
41_AER22304.1|St_suis_1385                  KdddddG KG KG                                                                DAIIYEA VR FT................E       H  D  SD..PAISDELTA.................................................QF
41_ADZ83524.1|Cl_lento_920                  KdddddG KG KG                                                                DAIVYEL VR  S.................       H  DM ID...PNAPFINK...................................................
41_AGW88268.1|St_suis_1385                  KdddddG KG KG                                                                DAIIYEA VR FT................E       H  D  SD..PAISDELTA.................................................QF
41_AGG65362.1|St_suis_1389                  KdddddG KG KG                                                                DAIIYEA VR FT................E       H  D  AD..PAISDELTA.................................................QF
41_AIQ28595.1|Pa_FSL_723                    KdddddG KG KG                                                                DAIIYEA IR FT................E       H  D  SD..PAIQSSLGG................................................ERW
41_ADV71067.1|St_suis_1385                  KdddddG KG KG                                                                DAIIYEA VR FT................E       H  D  AD..PAISDELTA.................................................QF
41_AER16173.1|St_suis_1385                  KdddddG KG KG                                                                DAIIYEA VR FT................E       H  D  AD..PAISDELTA.................................................QF
41_AIQ51763.1|Pa_FSL_716                    KdddddG KG KG                                                                DAVIYEV IR FT................E       H  D  SD..VSIESSLGG................................................ERW
41_CBI13953.1|St_gallo_1441                  KdddddG KG KG                                                                DAIIYEA VR FT................E       H  D  SD..TAISDELQH.................................................QF
41_CAZ56775.1|St_suis_1377                  KdddddG KG KG                                                                DAIIYEA VR FT................E       H  D  AD..PAISDELTA.................................................QF
41_AIQ34761.1|Pa_FSL_706                    KdddddG KG KG                                                                DAIIYEV VR FT................E       H  D  SD..VSIVDSLSG................................................ERW
41_AEZ62583.1|St_infan_1443                  KdddddG KG KG                                                                DAIIYEA VR FT................E       H  D  SD..TAISEELRN.................................................QF
41_CCF02755.1|St_maced_1180                  KdddddG KG KG                                                                DAIIYEA VR FT................E       H  D  SD..TAISDELQH.................................................QF
41_CBZ48657.1|St_gallo_1441                  KdddddG KG KG                                                                DAIIYEA VR FT................E       H  D  SD..TAISDELQH.................................................QF
41_AIQ57390.1|Pa_borea_723                  KdddddG KG KG                                                                DAIIYEA IR FT................E       H  D  SD..PAIQSSLGG................................................ERW
41_AGI39830.1|C_sterc_1095                  KdddddG KG KG                                                                DAIIWEV IR FT................E       H  D  SD..PSIESDLNA.................................................RW
41_AEB82319.1|St_suis_1385                  KdddddG KG KG                                                                DAIIYEA VR FT................E       H  D  SD..PAISDELTA.................................................QF
41_BAM47868.1|Am_xylan_1322                  KdddddG KG KG                                                                DAIIYEV VR FT................E       H  D  SD..PSIADQLTS.................................................QF
41_AFR01291.1|St_suis_1385                  KdddddG KG KG                                                                DAIIYEA VR FT................E       H  D  AD..PAISDELTA.................................................QF
41_AGM98096.1|St_iniae_1419                  KdddddG KG KG                                                                DAIIYEA VR FT................E       H  D  SD..VAISSQLKN.................................................QF
41_ADE32331.1|St_suis_1408                  KdddddG KG KG                                                                DAIIYEA VR FT................E       H  D  AD..PAISDELTA.................................................QF
41_AHF60382.1|St_suis_1385                  KdddddG KG KG                                                                DAIIYEA VR FT................E       H  D  SD..PAISDELTA.................................................QF
41_CAZ52647.1|St_suis_1377                  KdddddG KG KG                                                                DAIIYEA VR FT................E       H  D  AD..PAISDELTA.................................................QF
41_ACX81318.1|St_gallo_1452                  KdddddG KG KG                                                                DAIIYEA VR FT................E       H  D  SD..TAISDELQH.................................................QF
41_ABG83674.1|Cl_perfr_883                  KdddddG KG KG                                                                D ILYEM VR FS................T S     H  D  IS...KDSGINNK...................................................
41_AER45198.1|St_suis_1385                  KdddddG KG KG                                                                DAIIYEA VR FT................E       H  D  AD..PAISDELTA.................................................QF
41_BAK28316.1|St_gallo_1441                  KdddddG KG KG                                                                DAIIYEA VR FT................E       H  D  SD..TAISDELQH.................................................QF
41_CQR54568.1|Pa_riogr_717                  KdddddG KG KG                                                                DAVIYEV VR FT................E       H  D  SD..VSIESELGG................................................ERW
41_AGX06343.1|Ba_infan_1304                  KdddddG KG KG                                                                DAIIYEV VR FT................E       H  D  SD..PSIEADLNS.................................................RW
41_AIQ22910.1|Pa_FSL_700                    KdddddG KG KG                                                                DAIIYEV VR FT................E       H  D  SD..VSIEDSLSG................................................ERW
41_AIQ67951.1|Pa_grami_717                  KdddddG KG KG                                                                DAVIYEV VR FT................E       H  D  SD..VSIESELGG................................................ERW
41_AIQ16995.1|Pa_FSL_716                    KdddddG KG KG                                                                DAVIYEV VR FT................E       H  D  SD..ISIESSLGG................................................ERW
41_AER18240.1|St_suis_1385                  KdddddG KG KG                                                                DAIIYEA VR FT................E       H  D  SD..PAISDELTA.................................................QF
41_AIQ46154.1|Pa_FSL_716                    KdddddG KG KG                                                                DAVIYEV IR FT................E       H  D  SD..VSIESSLNG................................................ERW
41_AIQ40360.1|Pa_FSL_723                    KdddddG KG KG                                                                DAIIYEA IR FT................E       H  D  SD..PAIQSSLGG................................................ERW
41_AIY06268.1|Pl_PAMC_1296                  KdddddG KG KG                                                                DAVIYEV IR FT................E       H  D  SD..PSIEKELKS.................................................RW
X_|AAG31033.1|_152                          JIIIIIH JH JH                                                                  V Y I   F ................... G Q FPDR YNG...DPSNDLKA..............................NLTDELWINEVSRGVPVFTRW
                         50                                         60        70            80 X  X  X  X
11_|BAA11864.1|_150                                                                             c       c                A A A A DF A DEF A DEEFG PG F I YL L  IT V IM I.................. T LGLASD..............................TM D KD ... T E QQF....VDERFIVD
11_|AAB63356.1|_198                                                                             c       c                B B B B KG B KdG B KddGG PG Y K A L L  VT V L V.................. T KGAAR ................................ AA AA ... A EF QETQNDQNDVDPNST
11_|AAC76456.1|_136                                                                             c       c                B B B B KG B KdG B KddGG PG Y I YL L  IT L LL V.................. T KALGHP..............................VM N KQ ... A E AQF....ASEPRLQR
11_|BAA29041.1|_152                                                                             c       c                B B B B KG B KdG B KddGG PG Y K L YL L  VN V LM .................. T IGAIS ................................ D KE ... C E CHEF............
11_|AAK42273.1|_156                                                                             c       c                B B B B KG B KdG B KddGG PG Y I YL L  IT V LM V.................. T EGLASE..............................QM S KD ... T E FHF....IDQRFLTD
11_|BAB99500.1|_150                                                                             c       c                B B B B KG B KdG B KddGG PG Y I YL L  VT I LM V.................. T AGLAHP..............................TI Q SD ... A E HQF....LQDDRLRD
11_|AAM81590.1|_156                                                                             c       c                B B B B KG B KdG B KddGG PG Y I YL L  IT V LM V.................. T EGLASE..............................QM S KD ... T E FHF....IDQRFLID
11_|AAP85534.1|_244                                                                             c       c                B B B B KG B KdG B KddGG PG Y R L YL L  VN I LL V.................. T AGMVE ................................ D KS ... A E FEF............
11_sp|P10342|_193                                                                               c       c                B B B B KG B KdG B KddGG PG Y K A YL L  VT V L V.................. T YGAGL ................................ S AS ... A EF QET.QNDANDVVPNS
12_|AAK74446.1|_586                                                                             c       c                B B B B KG B KdG B KddGG PG F K L YL L  VT I LL V.................. T EAFIE ................................ D KD ... H Q LSY..YFVNELKNHE
12_|AAN00098.1|_611                                                                             c       c                B B B B KG B KdG B KddGG PG F K L YL L  VT I LL V.................. T AAFSE ................................ D QK ... H Q LSY..FYVNEMDKS.
12+41_|AAS36537.1|_1272                                                                         c       c                B B B B KG B KdG B KddGG PG F K L YI L  VT I LL V.................. T ASFVE ................................ D QE ... H Q MSY..YFSNEFESGE
12_|ACI61883.1|_510                                                                             c       c                B B B B KG B KdG B KddGG PG F L YL L  VT V LL V.................. T SAFVEQ................................ D KD ... H Q LSY..FYANELDKT.
12+41_|CAR47543.1|_1377                                                                         c       c                B B B B KG B KdG B KddGG PG F R L YL L  VT I LL V.................. T AAFAE ................................ S KE ... H Q MSY..YFVNELKNAE
13_|CAA36431.1|_431                                                                             c       c                B B B B KG B KdG B KddGG PG Y V L L  VT V LL V.................. K LALTAG............................DSNM QH KT SAS H E FDL..ATVNEFSDKV
13_|AAA25124.1|_443                                                                             c       c                B B B B KG B KdG B KddGG PG Y V L L  VT I LL V.................. K LALTAQ............................ESNM QH KQ SAS H E FDL..ATVNEFSDKV
13_|AAD04189.1|_273                                                                             c       c                B B B B KG B KdG B KddGG PG F M L L  LT V LL .................. G RAFAYQ............................ASAG EH RK SDA H H SFHF..AGVDDIKSNW
13_|BAA28632.1|_328                                                                             c       c                B B B B KG B KdG B KddGG PG F R I L L  LT V LL .................. G VHLHF LFRLNLLNDFCSPPITKHPGRIMETVMQDSAG RH RK SAA H H SFHF..ASVDDNKSNW
13_|AAD11599.1|_330                                                                             c       c                B B B B KG B KdG B KddGG PG F I L L  LT V LL .................. G CAFTFQ............................DSVG EH KK SDA H H SFQF..GGVDDIKSNW
13_|AAN26412.1|_331                                                                             c       c                B B B B KG B KdG B KddGG PG Y V L L  LT V LL .................. G LAFTSQ............................DSAG NH EK SAA H H SFQF..AEVDDDKKKW
13_|ABL84490.1|_331                                                                             c       c                B B B B KG B KdG B KddGG PG F M L L  LT V LL .................. G RAFAYQ............................ASAG QH RK SDA H H SFHF..AGVDDIKSNW
13_|CED95594.1|_470                                                                             c       c                B B B B KG B KdG B KddGG PG Y V L L  LT VL A.................. K LAFTEQ............................GSAP EH KK VDN HFH TDM..ATVNENASER
14_|ACN58254.1|_339                                                                             c       c                B B B B KG B KdG B KddGG PG Y L L L  VT V IL .................. L LGLTEE.....................GTKGPGGVTTG PH VE ... H H FFDF..YTGDELDKD.
14_|BAB62095.1|_218                                                                             c       c                B B B B KG B KdG B KddGG PG Y L YV L  VT V LM .................. K LGLAET.....................NTSGPNGTATG S KE ... H Q FMDF..AGVDERD...
14_|AAD30387.1|_347                                                                             c       c                B B B B KG B KdG B KddGG PY K L L L  VT V IL M..................AL LGLTE .....................GTRGPNGVTTG DH VE ... H H FDF..WTGDEADKD.
14_|BAF93906.1|_464                                                                             c       c                B B B B KG B KdG B KddGG PG F L YL  N I LM A.................. K LGVIQS....................GTTDPNTGTATG D KNE... F Y Q SQY..ASVNEAGNRT
14_|AAY89038.1|_1075                                                                            c       c                B B B B KG B KdG B KddGG PG Y I YL L  VT V IM V.................. K LGFVEE..................GTTVDGKQGAASTG D KS ... H Q YDY..GSVDETGDLS
14_|AAB06264.1|_330                                                                             c       c                B B B B KG B KdG B KddGG PG F L L L  VT V LL I.................. K LGFCQE......................GYYKEGISTG LH KE ... H H SDF..GSVDDKN...
14_|AFL46505.1|_460                                                                             c       c                B B B B KG B KdG B KddGG PG Y L L L  IT V I V.................. K LGVIEP................GTRLTKDGKKTKTKTG DH KE ... H QF YDFNTASVDETNPLK
14_|AJG04842.1|_460                                                                             c       c                B B B B KG B KdG B KddGG PG Y L L L  IT V I V.................. K LGVIEP................GTRLLKDGKKTKTKTG DH KE ... H QF YDFNTASVDETNPLK
14_|AAD30387.1|_347_2                                                                           c       c                B B B B KG B KdG B KddGG PY K L L L  VT V IL M..................AL LGLTE .....................GTRGPNGVTTG DH VE ... H H FDF..WTGDEADKD.
14_|CAC85704.1|_218                                                                             c       c                B B B B KG B KdG B KddGG PG Y L YV L  VT V LM .................. K LGLAET.....................NTSGPNGTATG S KE ... H Q FMDF..AGVDERD...
14_|AAS47565.1|_372                                                                             c       c                B B B B KG B KdG B KddGG PG Y K L L L  IT I LL .................. K LGLIE .....................GITGPGGVKTG DH VE ... H H TYDF..ASIDDS....
14_|AEW23439.1|_217                                                                             c       c                B B B B KG B KdG B KddGG PG Y R L YI L  VT V LM V.................. K VGLTE .....................GTTGPNGTLTG S KQ ... H Q QDF..EGVDELQPLK
14_|CAC60156.1|_431                                                                             c       c                B B B B KG B KdG B KddGG PG Y H I L L  IT V L  V.................. K LAFTE .....................GTKGPDHVKTG DS KE ... T Q Q EEF..NSIDET....
14_|AAE10887.1|_429                                                                             c       c                B B B B KG B KdG B KddGG PG Y K I L L  IT V LM V.................. K LALTE .....................GTKGPDNVKTG DS KQ ... H Q FAS..NSVDET....
14_|AAC00283.1|_213                                                                             c       c                B B B B KG B KdG B KddGG PG Y L YV L  VT V LL V.................. K LALTET.....................DTQTANGSSSG A KE ... H E NDF..AGVDEEKPLD
14_|CAC60157|_429                                                                               c       c                B B B B KG B KdG B KddGG PG Y K I L L  IT V LM V.................. K LALTE .....................GTKGPDNVKTG DS KQ ... H Q FAS..NSVDET....
14_|AAD36907|_339                                                                               c       c                B B B B KG B KdG B KddGG PG Y L L L  VT V IL .................. L LGLTEE.....................NTKGPGGVTTG SH VE ... H H FFDF..YTGDELDKD.
20_|BAA02473.1|_130                                                                             c       c                B B B B KG B KdG B KddGG PG R L YL L  VT L  IAKDARPRHDSFYG..... DLKGVID ................................ P EE ... A YFT FAS............
20_|AAA22622.1|_134                                                                             c       c                B B B B KG B KdG B KddGG PG H L YL L  IT I L  IGSEDPTPTSFFG...... DLQGIID ................................ D VD ... G Y T FRS............
20_|AAC46346.1|_134                                                                             c       c                B B B B KG B KdG B KddGG PG F K L L L  VN I  IGSADPTPTSFFG...... D EGIIQ ................................ DH VD ... G YFT FKA............
20_|AAC15072.1|_134                                                                             c       c                B B B B KG B KdG B KddGG PG H L YL L  IT I L  IGSEDPTPTSFFG...... DLQGIID ................................ D AD ... G Y T FRA............
20_|AAF23874.1|_137                                                                             c       c                B B B B KG B KdG B KddGG PG K L YL L  VN I L  IGSKDPGVNDFFG...... DLQGIVD ................................ D ED ... G Y T FSA............
20_|AAK15003.1|_134                                                                             c       c                B B B B KG B KdG B KddGG PG H L YL L  IT I L  IGNEDPTPTSFFG...... DLQGIID ................................ D VD ... G Y T FRS............
20_|ABJ59624.1|_136                                                                             c       c                B B B B KG B KdG B KddGG PG H L L L  IT L  INPEDHPGREDFYG..... DLQGVLD ................................ DD QR ... G YFC FKA............
20_|ABS59068.1|_41                                                                              c       c                B B B B KG B KdG B KddGG PG F K L YL L  IN I  IEKKYSDKFYDIVFDRRYG D QGIIF ................................ P KE ... A YFN FEA............
20_|ACC84362.1|_11                                                                              c       c                B B B B KG B KdG B KddGG PG L YI L  IN I  IEDWDSMPTLQGYKG.... DLWGIMED................................ D QN ... A YFT FQS............
20_|BAI67607.1|_9                                                                               c       c                B B B B KG B KdG B KddGG PG H L I L  AN L L  IGSTPTPDNFFG....... DLQGIID ................................ DH VA ... A Y T FEA............
20_|AFM43699.1|_134                                                                             c       c                B B B B KG B KdG B KddGG PG H L YL L  IT I L  IGSEDPTPTSFFG...... DLQGIID ................................ D AD ... G Y T FRA............
20_|AHW51935.1|_133                                                                             c       c                B B B B KG B KdG B KddGG PG H L YL L  IT I  IGSEPPKPDTFFG...... DLDGVIQ ................................ D QQ ... G YFT FEA............
31_|CAA37583.1|_7                                                                               c       c                B B B B KG B KdG B KddGG PG K L YL L  I I L  V.................. DLRGIIS ................................ D KE ... DV W S YES............
31_|BAA00534.1|_6                                                                               c       c                B B B B KG B KdG B KddGG PG K L YI L  A I L  V.................. DLQGVIQ ................................ D KR ... DV W C FDS............
31_|BAA01368.1|_7                                                                               c       c                B B B B KG B KdG B KddGG PG K L YL L  V V L  V.................. DIRGIIA ................................ D KE ... DV W S YKS............
31_|BAA11354.1|_6                                                                               c       c                B B B B KG B KdG B KddGG PG K L YL L  I I I  V.................. DLRGIMD ................................ D KT ... DC W S YDS............
31_|AAK27723.1|_24                                                                              c       c                B B B B KG B KdG B KddGG PG R L YL L  V L L  V.................. DLKGITS ................................ D AD ... DV W S FKS............
31_|AAV42157.1|_6                                                                               c       c                B B B B KG B KdG B KddGG PG R L YL L  I I L  V.................. DLQGIIS ................................ D EK ... DA W S YQS............
31_|BAE79634.1|_2                                                                               c       c                B B B B KG B KdG B KddGG PG K L YL L  V I L  V.................. DLKGITS ................................ D QK ... MA W S YDS............
31_|ACM89182.1|_27                                                                              c       c                B B B B KG B KdG B KddGG PG R L YL L  V L L  V.................. DLKGITS ................................ D AD ... DV W S YKS............
31_|ACM89183.1|_26                                                                              c       c                B B B B KG B KdG B KddGG PG R L YL L  V L L  V.................. DLKGITS ................................ D AD ... DV W S YRS............
39_|AAA23205.1|_385                                                                             c       c                B B B B KG B KdG B KddGG PG K L YL L  IS I L  ISNDFFG............ DLKGIDD ................................ D KS ... V Y N FQS............
39_|AAA19800.1|_388                                                                             c       c                B B B B KG B KdG B KddGG PG K L YL L  VS I L  ISNDFFG............ DLKGIDD ................................ D KG ... V Y N FES............
39_|BAA05832.1|_475                                                                             c       c                B B B B KG B KdG B KddGG PG K L YL L  VN I L  INNDFFG............ DIAGIEQ ................................ D QS ... T Y N AHA............
39_|AAG44799.1|_479                                                                             c       c                B B B B KG B KdG B KddGG PG K L YL L  VN I L  ISNDFFG............ DIAGIEQ ................................ D QS ... T Y N AHA............
39_|ABR26448.1|_397                                                                             c       c                B B B B KG B KdG B KddGG PG K L YL L  VN I L  ISNDFFG............ DIAGIEQ ................................ D QS ... T Y N ...............
39_|ABY95795.1|_385                                                                             c       c                B B B B KG B KdG B KddGG PG K L YL L  IS I L  INNDFFG............ DLQGIND ................................ D KN ... V Y N FQS............
39_|ACR15165.1|_384                                                                             c       c                B B B B KG B KdG B KddGG PG K L YL L  VS I L  ISNDFFG............ DLKGIDD ................................ D KG ... V Y N FES............
39_|ACV59878.1|_541                                                                             c       c                B B B B KG B KdG B KddGG PG K L YL L  VN L LM VNIDFFG............ DLQGIED ................................ D KS ... T Y FEA............
39_|ADZ99363.1|_550                                                                             c       c                B B B B KG B KdG B KddGG PG K L YL L  VN L LM VNIDFFG............ DLKGIQD ................................ D KS ... T Y FEA............
39_|AFI70750.1|_397                                                                             c       c                B B B B KG B KdG B KddGG PG K L YL L  VN I L  ISNDFFG............ DIAGIEQ ................................ D QS ... T Y N ...............
41_AHY15164.1|St_iniae_1419                                                                      c       c                B B B B KG B KdG B KddGG PG F R L YL L  VT I LL V.................. T AAFAE ................................ D QE ... H Q MSY..YFVNE.MNKE
41_AGL48789.1|St_suis_1378                                                                      c       c                B B B B KG B KdG B KddGG PG F R L YL L  VT I LL V.................. T AAFAE ................................ S KD ... H Q MSY..YYVNELKNAE
41_AHY17035.1|St_iniae_1419                                                                      c       c                B B B B KG B KdG B KddGG PG F R L YL L  VT I LL V.................. T AAFAE ................................ D QE ... H Q MSY..YFVNE.MNKE
41_AGZ24199.1|St_suis_1377                                                                      c       c                B B B B KG B KdG B KddGG PG F R L YL L  VT I LL V.................. T AAFAE ................................ S KE ... H Q MSY..YFVNELKNAE
41_ABP93225.1|St_suis_1252                                                                      c       c                B B B B KG B KdG B KddGG PG F R L YL L  VT I LL V.................. T AAFAE ................................ S KE ... H Q MSY..YFVNELKNAE
41_AER20299.1|St_suis_1389                                                                      c       c                B B B B KG B KdG B KddGG PG F R L YL L  VT I LL V.................. T AAFAE ................................ S KD ... H Q MSY..YYVNELKNAE
41_AER22304.1|St_suis_1385                                                                      c       c                B B B B KG B KdG B KddGG PG F R L YL L  VT I LL V.................. T AAFAE ................................ S KD ... H Q MIY..YFVNELKNAE
41_ADZ83524.1|Cl_lento_920                                                                      c       c                B B B B KG B KdG B KddGG PG Y K I L L  IT V LL I.................. K LAFTE ......................GLTLNGEPVG DH KK ... H Q YDF..GSVDEAS...
41_AGW88268.1|St_suis_1385                                                                      c       c                B B B B KG B KdG B KddGG PG F R L YL L  VT I LL V.................. T AAFAE ................................ S KD ... H Q MSY..YFVNELKNAE
41_AGG65362.1|St_suis_1389                                                                      c       c                B B B B KG B KdG B KddGG PG F R L YL L  VT I LL V.................. T AAFAE ................................ S KE ... H Q MSY..YFVNELKNAE
41_AIQ28595.1|Pa_FSL_723                                                                        c       c                B B B B KG B KdG B KddGG PG Y K L YI L  VT I LL V.................. S AAFES ................................ D KS ... H Q MAW..YYGDETGMED
41_ADV71067.1|St_suis_1385                                                                      c       c                B B B B KG B KdG B KddGG PG F R L YL L  VT I LL V.................. T AAFAE ................................ S KE ... H Q MSY..YFVNELKNAE
41_AER16173.1|St_suis_1385                                                                      c       c                B B B B KG B KdG B KddGG PG F R L YL L  VT I LL V.................. T AAFAE ................................ S KE ... H Q MSY..YFVNELKNAE
41_AIQ51763.1|Pa_FSL_716                                                                        c       c                B B B B KG B KdG B KddGG PG Y K L YI M  VT I LL V.................. S DAFAT ................................ D KS ... H Q MAW..YYGDETKMNE
41_CBI13953.1|St_gallo_1441                                                                      c       c                B B B B KG B KdG B KddGG PG F K L YL L  VT I LL V.................. T AAFVE ................................ D QE ... H Q MSY..YYVNELANAE
41_CAZ56775.1|St_suis_1377                                                                      c       c                B B B B KG B KdG B KddGG PG F R L YL L  VT I LL V.................. T AAFAE ................................ S KE ... H Q MSY..YFVNELKNAE
41_AIQ34761.1|Pa_FSL_706                                                                        c       c                B B B B KG B KdG B KddGG PG Y K L YI L  VT I LL V.................. S SAFEK ................................ D KS ... H Q MAW..YYGDETKMGN
41_AEZ62583.1|St_infan_1443                                                                      c       c                B B B B KG B KdG B KddGG PG F K L YL L  VT I LL V.................. T AAFAE ................................ D QS ... H Q MSY..YYVNEVMNNK
41_CCF02755.1|St_maced_1180                                                                      c       c                B B B B KG B KdG B KddGG PG F K L YL L  VT I LL V.................. T AAFVE ................................ D QE ... H Q MSY..YYVNELANAE
41_CBZ48657.1|St_gallo_1441                                                                      c       c                B B B B KG B KdG B KddGG PG F K L YL L  VT I LL V.................. T AAFVE ................................ D QE ... H Q MSY..YYVNELANAE
41_AIQ57390.1|Pa_borea_723                                                                      c       c                B B B B KG B KdG B KddGG PG Y K L YI L  VT I LL V.................. S AAFES ................................ D KS ... H Q MAW..YYGDETGMED
41_AGI39830.1|C_sterc_1095                                                                      c       c                B B B B KG B KdG B KddGG PG Y K L YI L  VT I LL V.................. T RAFID ................................ D KS ... H Q MAW..YYGDEAAMGE
41_AEB82319.1|St_suis_1385                                                                      c       c                B B B B KG B KdG B KddGG PG F R L YL L  VT I LL V.................. T AAFAE ................................ S KD ... H Q MSY..YFVNELKNAE
41_BAM47868.1|Am_xylan_1322                                                                      c       c                B B B B KG B KdG B KddGG PG F K L YI L  VT I LL V.................. T SAFIE ................................ D ES ... H Q MSY..FFADEFNNAK
41_AFR01291.1|St_suis_1385                                                                      c       c                B B B B KG B KdG B KddGG PG F R L YL L  VT I LL V.................. T AAFAE ................................ S KE ... H Q MSY..YFVNELKNAE
41_AGM98096.1|St_iniae_1419                                                                      c       c                B B B B KG B KdG B KddGG PG F R L YL L  VT I LL V.................. T AAFAE ................................ D QE ... H Q MSY..YFVNE.MNKE
41_ADE32331.1|St_suis_1408                                                                      c       c                B B B B KG B KdG B KddGG PG F R L YL L  VT I LL V.................. T AAFAE ................................ S KE ... H Q MSY..YFVNELKNAE
41_AHF60382.1|St_suis_1385                                                                      c       c                B B B B KG B KdG B KddGG PG F R L YL L  VT I LL V.................. T AAFAE ................................ S KD ... H Q MSY..YFVNELKNAE
41_CAZ52647.1|St_suis_1377                                                                      c       c                B B B B KG B KdG B KddGG PG F R L YL L  VT I LL V.................. T AAFAE ................................ S KE ... H Q MSY..YFVNELKNAE
41_ACX81318.1|St_gallo_1452                                                                      c       c                B B B B KG B KdG B KddGG PG F K L YL L  VT I LL V.................. T AAFVE ................................ D QE ... H Q MSY..YYVNELANAE
41_ABG83674.1|Cl_perfr_883                                                                      c       c                B B B B KG B KdG B KddGG PG F I L L  IT V LL .................. K EGIAEE....................GTKVPGTDVKTG DH KE ... T H SFDY..ASVNEISNKP
41_AER45198.1|St_suis_1385                                                                      c       c                B B B B KG B KdG B KddGG PG F R L YL L  VT I LL V.................. T AAFAE ................................ S KE ... H Q MSY..YFVNELKNAE
41_BAK28316.1|St_gallo_1441                                                                      c       c                B B B B KG B KdG B KddGG PG F K L YL L  VT I LL V.................. T AAFVE ................................ D QE ... H Q MSY..YYVNELANAE
41_CQR54568.1|Pa_riogr_717                                                                      c       c                B B B B KG B KdG B KddGG PG Y K L YI L  IT I LM V.................. S AAFAK ................................ D KS ... H Q MAW..YNGDETRMTH
41_AGX06343.1|Ba_infan_1304                                                                      c       c                B B B B KG B KdG B KddGG PG Y K L YI  VT V LL V.................. S KAFID ................................ D KST... H Q MAW..YFGDETQMGE
41_AIQ22910.1|Pa_FSL_700                                                                        c       c                B B B B KG B KdG B KddGG PG Y K L YI L  VT I LL V.................. S SAFEK ................................ D KS ... H Q MAW..YYGDETKMGT
41_AIQ67951.1|Pa_grami_717                                                                      c       c                B B B B KG B KdG B KddGG PG Y K L YL L  IT I LM V.................. S AAFAK ................................ D KS ... H Q MAW..YNGDETQMAN
41_AIQ16995.1|Pa_FSL_716                                                                        c       c                B B B B KG B KdG B KddGG PG Y K L YI L  VT I LM V.................. S AAFEK ................................ D KS ... H Q MAW..YYGDETKMGQ
41_AER18240.1|St_suis_1385                                                                      c       c                B B B B KG B KdG B KddGG PG F R L YL L  VT I LL V.................. T AAFAE ................................ S KD ... H Q MSY..YFVNELKNAE
41_AIQ46154.1|Pa_FSL_716                                                                        c       c                B B B B KG B KdG B KddGG PG Y K L YI M  VT I LL V.................. S DAFAT ................................ D KS ... H Q MAW..YYGDETKMGE
41_AIQ40360.1|Pa_FSL_723                                                                        c       c                B B B B KG B KdG B KddGG PG Y K L YI L  VT I LL V.................. S AAFES ................................ D KS ... H Q MAW..YYGDETGMED
41_AIY06268.1|Pl_PAMC_1296                                                                      c       c                B B B B KG B KdG B KddGG PG Y K L YI L  VT V LL V.................. T TGFID ................................ D KS ... H Q MAW..YFGDETNMGE
X_|AAG31033.1|_152                                                                              c       c                C C C C JH C JIH C JIIHG PG K L YL L  V I L  IDGPVTSLHCCHQYFG... DLKGVTE ................................ D KE ... GL Y N FLS............
                                                                     90       100              X   X
11_|BAA11864.1|_150                                                                             c                        A DEEF A A AYWG Y Y..........................................................KGLKNY... NPIN FSPECR SSS....GCLGN
11_|AAB63356.1|_198                                                                             c                        B KddG B B BYWG Y Y..........................................................AGDNY.... MTLN FAPDRR AYD....KSAGG
11_|AAC76456.1|_136                                                                             c                        B KddG B B BYWG P Y..........................................................MGLSNY... NPVAMFALH A ACS......PET
11_|BAA29041.1|_152                                                                             c                        B KddG B B BYN WG F Y....................NELEYFS...............................CSSKM ..F STIN FSPMIR SSG.GIRNCGRD
11_|AAK42273.1|_156                                                                             c                        B KddG B B BYWG D F Y..........................................................KGLTNY... PIN FSPECR SST....GCLGG
11_|BAB99500.1|_150                                                                             c                        B KddG B B BYWG F Y..........................................................LGMRNY... NSFG FAPYND AAN....KNPGG
11_|AAM81590.1|_156                                                                             c                        B KddG B B BYWG D F Y..........................................................KGLTNY... PIN FSPECR SSS....GCLGE
11_|AAP85534.1|_244                                                                             c                        B KddG B B BYWG Y G F....................NELEYYS............................QIPGSDQYRFNF STVN FSPM R SAAVGQGAPARA
11_sp|P10342|_193                                                                               c                        B KddG B B BYWG Y Y..........................................................DANQNY... MTEN FSPDRR AYN....KAAGG
12_|AAK74446.1|_586                                                                             c                        B KddG B B BYN WG D Y G Y....................RLSDYAS...............................SNSNY ... PQN FSLT M SSD...PKNPEK
12_|AAN00098.1|_611                                                                             c                        B KddG B B BYN WG D Y G Y....................RSTAYTS...............................SDNNY ... PQS FALS M SEK...PKDPSA
12+41_|AAS36537.1|_1272                                                                         c                        B KddG B B BYN WG D Y G Y....................RMLEYAS...............................TGTNY ... PHN FSLS M SEN...PEDPEL
12_|ACI61883.1|_510                                                                             c                        B KddG B B BYN WG D Y G Y....................RSTAYTS...............................SDNNY ... PQH FALS M SAN...PNDPAL
12+41_|CAR47543.1|_1377                                                                         c                        B KddG B B BYN WG D Y G Y....................RMSEYAS...............................SNSNY ... PQS FAFT M STD...PTDPMK
13_|CAA36431.1|_431                                                                             c                        B KddG B B BYN WG D Y G YADIQQPFSRLCEVNSAVKSSEFAGYCDSGSTVEEVLNQLKQSDSQDNPQVQALNTLVAQTDSY ... PFH TVPE S ATD...PEGT.T
13_|AAA25124.1|_443                                                                             c                        B KddG B B BYN WG D Y G YADIQQPFSRLCEVNSAVKSSEFAGYCDSGSTVEEVLTQLKQNDSKDNPQVQALNTLVAQTDSY ... PFH TVPE S ATD...P.EGTA
13_|AAD04189.1|_273                                                                             c                        B KddG B B BYN WG W G Y....................KFVDECE........LATFPPGSDMQQAAVVAIQ....EEDPY ... NPVL GVPK S ASD...PDGP.S
13_|BAA28632.1|_328                                                                             c                        B KddG B B BYN WG D W G Y....................KFVDEAQ........LAKLPPGSDEQQAAIVSIQ....QEDPY ... PVL GVPK S ASN...PDGP.S
13_|AAD11599.1|_330                                                                             c                        B KddG B B BYN WG W G Y....................KCVDEIE........LSKLPPGSDLQQAAIVAIQ....EEDPY ... NPVV GVPK S ASN...PDGP.S
13_|AAN26412.1|_331                                                                             c                        B KddG B B BYN WG W G Y....................KFVDTKR........FETLPPDSEEQQAQITAIR....DEDGY ... NPVL GTPK S ATD...PNGP.C
13_|ABL84490.1|_331                                                                             c                        B KddG B B BYN WG W G Y....................KFVDECK........LATFPPGSDMQQEAVVAIQ....EEDPY ... NPVL GVPK S ASD...PDGP.S
13_|CED95594.1|_470                                                                             c                        B KddG B B BYN WG D F G Y......IEMTDTLAKLCSKINDTADACKTQNKSATIESILANSLPGSSDAQALVDAMRGLDGF ... PQH FAPE S ATV....AEGTA
14_|ACN58254.1|_339                                                                             c                        B KddG B B BYN WG D F G Y..........................................................FEKYY ... PYL MVPE R STD...PRNPYA
14_|BAB62095.1|_218                                                                             c                        B KddG B B BYN WG G Y..........................................................PQAAY ... NPLHLYAPE S ATD...PADPYA
14_|AAD30387.1|_347                                                                             c                        B KddG B B BYN WG D F G Y..........................................................FERSY ... PYL TVPE R STD...PINPYT
14_|BAF93906.1|_464                                                                             c                        B KddG B B BYN WG D G Y.........................TA...............................QPNNF ... PQNEMVPE E ASN...SVNPVT
14_|AAY89038.1|_1075                                                                            c                        B KddG B B BYN WG D Y G Y..........................................................YGAQY ... PEN NVPE S SSD...PSDPSA
14_|AAB06264.1|_330                                                                             c                        B KddG B B BYN WG D Y Y..........................................................PDKRY ... PVL QCPEYW STK....SGGIE
14_|AFL46505.1|_460                                                                             c                        B KddG B B BYN WG D Y G Y.............................................................SY ... PKN NAPE S ATN...PYDPKV
14_|AJG04842.1|_460                                                                             c                        B KddG B B BYN WG D Y G Y.............................................................TY ... PKN NAPE S ATN...AYDPKV
14_|AAD30387.1|_347_2                                                                           c                        B KddG B B BYN WG D F G Y..........................................................FERSY ... PYL TVPE R STD...PINPYT
14_|CAC85704.1|_218                                                                             c                        B KddG B B BYN WG G Y..........................................................PQAAY ... NPLHLYAPE S ATD...PADPYA
14_|AAS47565.1|_372                                                                             c                        B KddG B B BYN WG D Y G Y..........................................................RDDQY ... PRL NVPQ T STN...AADGLT
14_|AEW23439.1|_217                                                                             c                        B KddG B B BYN WG Y G Y.............................................................MY ... NTVH NAPE S ATD...PDDPYA
14_|CAC60156.1|_431                                                                             c                        B KddG B B BYN WG D Y G Y..........................................................QPDTY ... PRN NVPE A ATT...P.EGTA
14_|AAE10887.1|_429                                                                             c                        B KddG B B BYN WG D Y G Y..........................................................DPTQD ... PRN DVPE Q ATN....ANGNA
14_|AAC00283.1|_213                                                                             c                        B KddG B B BYN WG F G Y.............................................................AY ... NPLH FAPE S ASN...PHDPQT
14_|CAC60157|_429                                                                               c                        B KddG B B BYN WG D Y G Y..........................................................DPTQD ... PRN DVPE Q ATN....ANGNA
14_|AAD36907|_339                                                                               c                        B KddG B B BYN WG D F G Y..........................................................FEKYY ... PYL MVPE R STD...PKNPHT
20_|BAA02473.1|_130                                                                             c                        B KddG B B BY D Y P F.............................................................PSH...HK TAD LAID Q GDL...P.....
20_|AAA22622.1|_134                                                                             c                        B KddG B B BYN  D Y P F.............................................................PS ...HK TAD FEVD H GDK.........
20_|AAC46346.1|_134                                                                             c                        B KddG B B BYN  D Y P F.............................................................SS ...HK TID FEID Q GDK.........
20_|AAC15072.1|_134                                                                             c                        B KddG B B BYN  D Y P F.............................................................PS ...HK TAD FEID H GDK.........
20_|AAF23874.1|_137                                                                             c                        B KddG B B BYN  D Y P F.............................................................PS ...HK TLD FSID H GDP.........
20_|AAK15003.1|_134                                                                             c                        B KddG B B BYN  D Y P F.............................................................PS ...HK TAD FEVD H GDK.........
20_|ABJ59624.1|_136                                                                             c                        B KddG B B BYN  D Y P F.............................................................SS ...HK TID LQVD A GDK.........
20_|ABS59068.1|_41                                                                              c                        B KddG B B BY F F............................................................NSLH....K NTSN IHIDHN GPD...PEGDLQ
20_|ACC84362.1|_11                                                                              c                        B KddG B B BYN  Y P.............................................................AS ...HR HTHD YQVD MLGGN.........
20_|BAI67607.1|_9                                                                               c                        B KddG B B BYN  D Y.............................................................DT ...HR AKD FSIDHRLGTL.........
20_|AFM43699.1|_134                                                                             c                        B KddG B B BYN  D Y P F.............................................................PS ...HK TAD FEID H GDK.........
20_|AHW51935.1|_133                                                                             c                        B KddG B B BYN  D Y P F.............................................................FS ...HK TID LSID H GDE.........
31_|CAA37583.1|_7                                                                               c                        B KddG B B BYN G D Y F...........................................................PNDD .... ISD CKIMNE GTM.........
31_|BAA00534.1|_6                                                                               c                        B KddG B B BYN G D Y F...........................................................PQDD .... ISD RSIYEK GTN.........
31_|BAA01368.1|_7                                                                               c                        B KddG B B BYN G D Y F...........................................................PNDD .... ISD RDIMDE GTM.........
31_|BAA11354.1|_6                                                                               c                        B KddG B B BYN G D Y F...........................................................PQDD .... IRD RKIDKM GTN.........
31_|AAK27723.1|_24                                                                              c                        B KddG B B BYN G D Y P F...........................................................PQDD .... ISD QDID L GTM.........
31_|AAV42157.1|_6                                                                               c                        B KddG B B BYN G D Y P Y...........................................................PGVD .... ISD EAID Q GTM.........
31_|BAE79634.1|_2                                                                               c                        B KddG B B BYN G D Y F...........................................................PMDD .... IAN EAIADI GNM.........
31_|ACM89182.1|_27                                                                              c                        B KddG B B BYN G D Y P F...........................................................PQDD .... ISD QDID L GTL.........
31_|ACM89183.1|_26                                                                              c                        B KddG B B BYN G D Y P F...........................................................PQDD .... ISD RDID L GTL.........
39_|AAA23205.1|_385                                                                             c                        B KddG B B BYN  D Y.............................................................PS ...HR TTD TKIDELLGDL.........
39_|AAA19800.1|_388                                                                             c                        B KddG B B BYN  D Y F.............................................................PS ...HK TAD TKIDEM GTT.........
39_|BAA05832.1|_475                                                                             c                        B KddG B B BYS  D F P F.............................................................PS ...HK AQD KEID M GTP.........
39_|AAG44799.1|_479                                                                             c                        B KddG B B BYN  D Y P F.............................................................PS ...HK AHD KAID M GTP.........
39_|ABR26448.1|_397                                                                             c                        B KddG B B BYN  D Y P F..........................................................ANAPS ...HK ASN KELD M GSP.........
39_|ABY95795.1|_385                                                                             c                        B KddG B B BYN  D Y.............................................................PS ...HR TTD TKIDELLGDL.........
39_|ACR15165.1|_384                                                                             c                        B KddG B B BYN  D Y F.............................................................PS ...HK TAD TKIDEM GTT.........
39_|ACV59878.1|_541                                                                             c                        B KddG B B BYN  D Y P F.............................................................ES ...HK TAD FKID G GTQ.........
39_|ADZ99363.1|_550                                                                             c                        B KddG B B BYN  D Y P F.............................................................ES ...HK TAD MKID G GTA.........
39_|AFI70750.1|_397                                                                             c                        B KddG B B BYN  D Y P F..........................................................ANAPS ...HK ASN KELD M GSP.........
41_AHY15164.1|St_iniae_1419                                                                      c                        B KddG B B BYN WG D Y G Y....................RLTNYAS...............................SGTNY ... PQS FALT M ASD...PTDPAK
41_AGL48789.1|St_suis_1378                                                                      c                        B KddG B B BYN WG D Y G Y....................RMSEYAS...............................SNSNY ... PQS FAFT M STD...PTDPMK
41_AHY17035.1|St_iniae_1419                                                                      c                        B KddG B B BYN WG D Y G Y....................RLTNYAS...............................SGTNY ... PQS FALT M ASD...PTDPAK
41_AGZ24199.1|St_suis_1377                                                                      c                        B KddG B B BYN WG D Y G Y....................RMSEYAS...............................SNSNY ... PQS FAFT M STD...PTDPMK
41_ABP93225.1|St_suis_1252                                                                      c                        B KddG B B BYN WG D Y G Y....................RMSEYAS...............................SNSNY ... PQS FAFT M STD...PTDPMK
41_AER20299.1|St_suis_1389                                                                      c                        B KddG B B BYN WG D Y G Y....................RMSEYAS...............................SNSNY ... PQS FAFT M STD...PTDPMK
41_AER22304.1|St_suis_1385                                                                      c                        B KddG B B BYN WG D Y G Y....................RMSEYAS...............................SNSNY ... PQS FAFT M STD...PTDPMK
41_ADZ83524.1|Cl_lento_920                                                                      c                        B KddG B B BYN WG D Y G Y..........................................................AEAQF ... PQN NVPE S ATD...PTDPVK
41_AGW88268.1|St_suis_1385                                                                      c                        B KddG B B BYN WG D Y G Y....................RMSEYAS...............................SNSNY ... PQS FAFT M STD...PTDPMK
41_AGG65362.1|St_suis_1389                                                                      c                        B KddG B B BYN WG D Y G Y....................RMSEYAS...............................SNSNY ... PQS FAFT M STD...PTDPMK
41_AIQ28595.1|Pa_FSL_723                                                                        c                        B KddG B B BYN WG D Y G Y....................RELDYSA...............................QGNEY ... PHS FSPD A SRN...PADPEE
41_ADV71067.1|St_suis_1385                                                                      c                        B KddG B B BYN WG D Y G Y....................RMSEYAS...............................SNSNY ... PQS FAFT M STD...PTDPMK
41_AER16173.1|St_suis_1385                                                                      c                        B KddG B B BYN WG D Y G Y....................RMSEYAS...............................SNSNY ... PQS FAFT M STD...PTDPMK
41_AIQ51763.1|Pa_FSL_716                                                                        c                        B KddG B B BYN WG D Y G Y....................RELDYSA...............................QNNEY ... PHS FSPD A SEN...PADPEE
41_CBI13953.1|St_gallo_1441                                                                      c                        B KddG B B BYN WG D Y G Y....................RLTDYAS...............................SNTNY ... PQS FALT M SED...PTDPAK
41_CAZ56775.1|St_suis_1377                                                                      c                        B KddG B B BYN WG D Y G Y....................RMSEYAS...............................SNSNY ... PQS FAFT M STD...PTDPMK
41_AIQ34761.1|Pa_FSL_706                                                                        c                        B KddG B B BYN WG D Y G Y....................RETDYSA...............................KNNEY ... PHN FSPD A SQH...PADPEA
41_AEZ62583.1|St_infan_1443                                                                      c                        B KddG B B BYN WG D Y G Y....................RLTDYAS...............................SNTNY ... PQS FALT M SEN...PADPAK
41_CCF02755.1|St_maced_1180                                                                      c                        B KddG B B BYN WG D Y G Y....................RLTDYAS...............................SNTNY ... PQS FALT M SED...PTDPAK
41_CBZ48657.1|St_gallo_1441                                                                      c                        B KddG B B BYN WG D Y G Y....................RLTDYAS...............................SNTNY ... PQS FALT M SED...PTDPAK
41_AIQ57390.1|Pa_borea_723                                                                      c                        B KddG B B BYN WG D Y G Y....................RELDYSA...............................QGNEY ... PHS FSPD A SRN...PADPEE
41_AGI39830.1|C_sterc_1095                                                                      c                        B KddG B B BYN WG D Y G Y....................RELEYST...............................KCSNY ... PHN FSSD A SEN...PNDPEL
41_AEB82319.1|St_suis_1385                                                                      c                        B KddG B B BYN WG D Y G Y....................RMSEYAS...............................SNSNY ... PQS FAFT M STD...PTDPMK
41_BAM47868.1|Am_xylan_1322                                                                      c                        B KddG B B BYN WG D Y G Y....................RLLEYSS...............................TGNNY ... PHS FSLT M SEN...PEDPAK
41_AFR01291.1|St_suis_1385                                                                      c                        B KddG B B BYN WG D Y G Y....................RMSEYAS...............................SNSNY ... PQS FAFT M STD...PTDPMK
41_AGM98096.1|St_iniae_1419                                                                      c                        B KddG B B BYN WG D Y G Y....................RLTNYAS...............................SGTNY ... PQS FALT M ASD...PTDPAK
41_ADE32331.1|St_suis_1408                                                                      c                        B KddG B B BYN WG D Y G Y....................RMSEYAS...............................SNSNY ... PQS FAFT M STD...PTDPMK
41_AHF60382.1|St_suis_1385                                                                      c                        B KddG B B BYN WG D Y G Y....................RMSEYAS...............................SNSNY ... PQS FAFT M STD...PTDPMK
41_CAZ52647.1|St_suis_1377                                                                      c                        B KddG B B BYN WG D Y G Y....................RMSEYAS...............................SNSNY ... PQS FAFT M STD...PTDPMK
41_ACX81318.1|St_gallo_1452                                                                      c                        B KddG B B BYN WG D Y G Y....................RLTDYAS...............................SNTNY ... PQS FALT M SED...PTDPAK
41_ABG83674.1|Cl_perfr_883                                                                      c                        B KddG B B BYN WG D Y G Y.............................................................QF ... PQN NSLE S STN...AEDPKS
41_AER45198.1|St_suis_1385                                                                      c                        B KddG B B BYN WG D Y G Y....................RMSEYAS...............................SNSNY ... PQS FAFT M STD...PTDPMK
41_BAK28316.1|St_gallo_1441                                                                      c                        B KddG B B BYN WG D Y G Y....................RLTDYAS...............................SNTNY ... PQS FALT M SED...PTDPAK
41_CQR54568.1|Pa_riogr_717                                                                      c                        B KddG B B BYN WG D Y G Y....................RESGYST...............................QNNEY ... PHS FSPD A SQQ...PADPEE
41_AGX06343.1|Ba_infan_1304                                                                      c                        B KddG B B BYN WG D Y G Y....................REMEYSA...............................GGNEY ... PHS FSPD A SEN...PEDAEL
41_AIQ22910.1|Pa_FSL_700                                                                        c                        B KddG B B BYN WG D Y G Y....................RETEYSA...............................KNNEY ... PHN FSPD A SQK...PADPEE
41_AIQ67951.1|Pa_grami_717                                                                      c                        B KddG B B BYN WG D Y G Y....................RESGYST...............................QNNEY ... PHN FSPD A SEQ...PADPEE
41_AIQ16995.1|Pa_FSL_716                                                                        c                        B KddG B B BYN WG D Y G Y....................RESEYSA...............................QNNQY ... PHS FSPD A SQN...PADPEL
41_AER18240.1|St_suis_1385                                                                      c                        B KddG B B BYN WG D Y G Y....................RMSEYAS...............................SNSNY ... PQS FAFT M STD...PTDPMK
41_AIQ46154.1|Pa_FSL_716                                                                        c                        B KddG B B BYN WG D Y G Y....................RETAYSA...............................QNNEY ... PHS FSPD A SEN...PADPEE
41_AIQ40360.1|Pa_FSL_723                                                                        c                        B KddG B B BYN WG D Y G Y....................RELDYSA...............................QGNEY ... PHS FSPD A SRN...PADPEE
41_AIY06268.1|Pl_PAMC_1296                                                                      c                        B KddG B B BYN WG D Y G Y....................REQSYSA...............................QDNEY ... PHN FSPD A SQD...ATDPEL
X_|AAG31033.1|_152                                                                              c                        C JIIH C C CYG D Y P F............................................................GSVH.... TYD YTVD K GTL.........
110                        120        130            140                150                     X   X   X   X   X
11_|BAA11864.1|_150                                               c c                                                    A A DF DF DF DEEEEEEEF A A AD VE K LV LH GL VII V YNH IQVI .................F K NS NA. E T.....AEG.NHLG........PTLSFKG D.NS......S........
11_|AAB63356.1|_198                                               c c                                                    B B KG KG KG KdddddddG B B BD VE K MV H GI V I V YNH LPTR .................W A KAF DA. K Y T.....GEG.GPWSGTDGLSVYNLLSFRG D.NP......A........
11_|AAC76456.1|_136                                               c c                                                    B B KG KG KG KdddddddG B B BD VE R AI LH GI VIL I NH IALD .................F D KA KA. E L S.....AEL.DLDG........PLFSLRG D.NR......S........
11_|BAA29041.1|_152                                               c c                                                    B B KG KG KG KdddddddG B B BD VE K V AH GI VIM V FNH IAIN .................F TF RE KR. E T.....AEG.NEKG........PILSFRG D.NS......T........
11_|AAK42273.1|_156                                               c c                                                    B B KG KG KG KdddddddG B B BD VK MV LH GI VII V YNH IQVLS.................F K NE NA. E T.....AEG.NHLG........PTLSFRG D.NT......A........
11_|BAB99500.1|_150                                               c c                                                    B B KG KG KG KdddddddG B B BD VE K LV H GL VIL V YNH IAVA .................F G RSY EA. E T.....AEG.NHMG........PTIAFRG D.NE......A........
11_|AAM81590.1|_156                                               c c                                                    B B KG KG KG KdddddddG B B BD VK MV LH GI VII V YNH IQVIS.................F R NK NA. E T.....AEG.NHLG........PTLSFRG D.NT......A........
11_|AAP85534.1|_244                                               c c                                                    B B KG KG KG KdddddddG B B BD VE K LV H GI VIL V FNH LSCD .................F Q KEC RR. E T.....AEG.NERG........PTISFRG D.NR......V........
11_sp|P10342|_193                                                 c c                                                    B B KG KG KG KdddddddG B B BD VE MV H GI V M V YNH LPTA .................FQA QAF NA. K Y T.....AEG.GTWT.SSDPTTATIYSWRG D.NA......T........
12_|AAK74446.1|_586                                               c c                                                    B B KG KG KG KdddddddG B B BD VE K LI IH GM AIL V YNH L P YRIA .................F N NE KR. G T.....AKV.DLFE..............D E. N...... ........
12_|AAN00098.1|_611                                               c c                                                    B B KG KG KG KdddddddG B B BD VE K LI IH GM VIL V YNH I P YRIA .................L Q HD KR. G T.....AKT.YLFE..............D E. N...... ........
12+41_|AAS36537.1|_1272                                           c c                                                    B B KG KG KG KdddddddG B B BD VE K LI IH M VVL V FNH L P YRIK .................F N NE KR.D G T.....AQV.HIFE..............D V. N...... ........
12_|ACI61883.1|_510                                               c c                                                    B B KG KG KG KdddddddG B B BD VE K LV IH GM VI  V YNH L P YRIA .................L N NE KR. G F T.....ART.YLFE..............D E. N...... ........
12+41_|CAR47543.1|_1377                                           c c                                                    B B KG KG KG KdddddddG B B BD VE K LV IH GM VIL V YNH L P YRIE .................F N NE KQ. G T.....SKT.FLFE..............D E. N...... ........
13_|CAA36431.1|_431                                               c c                                                    B B KG KG KG KdddddddG B B BD VE R MI IK GM VIM V YNH I P YRIK .................F T QA QDL N TNAAGPTDRTSVLD..............K V. W...... ........
13_|AAA25124.1|_443                                               c c                                                    B B KG KG KG KdddddddG B B BD VE R MI IK GM VIM V YNH I P YRIK .................F T QA QDL N TNAAGPTDRTSVLD..............K V. W...... ........
13_|AAD04189.1|_273                                               c c                                                    B B KG KG KG KdddddddG B B BD VE R MV L GL VVM V YNH I P YRII .................Y Q QA NRI. R L.....DSS.GPCG........ISSVLDK V. G...... ........
13_|BAA28632.1|_328                                               c c                                                    B B KG KG KG KdddddddG B B BD VE R MV L GL VVM V YNH I P YRII .................Y Q QA NRI. R L.....DSS.GPFG........VSSVLDK V. G...... ........
13_|AAD11599.1|_330                                               c c                                                    B B KG KG KG KdddddddG B B BD VE R MV L GL VVM V YNH I P YRII .................Y L QA NRL. R L.....YSS.GPFA........ITSVLDK V. G...... ........
13_|AAN26412.1|_331                                               c c                                                    B B KG KG KG KdddddddG B B BD VE R MV L GL VVL V YNH I P YRII .................F K QA NRI. R LNSSGPSDDNSVLD..............K V. G...... ........
13_|ABL84490.1|_331                                               c c                                                    B B KG KG KG KdddddddG B B BD VE R MV L GL VVM V YNH I P YRII .................Y Q QA NRI. R LDSSGPCGISSVLD..............K V. G...... ........
13_|CED95594.1|_470                                               c c                                                    B B KG KG KG KdddddddG B B BD VE R M LH GL VVL V YNH V P YRVL .................L E NQA NI. R TSASGVNAN.AVLD..............K V. G...... ........
14_|ACN58254.1|_339                                               c c                                                    B B KG KG KG KdddddddG B B BD VE K MV LH I VIM M F H P YRIR .................V E KA RH.D G P TYGI..GEL.SAFD..............QTV. Y...... ........
14_|BAB62095.1|_218                                               c c                                                    B B KG KG KG KdddddddG B B BD VE K AI LH GL VVM A YNH L P YRIV .................L Q HT EN. R VYD...REQ.SPLE..............K V. G...... ........
14_|AAD30387.1|_347                                               c c                                                    B B KG KG KG KdddddddG B B BD VE K MV LH GI VIL M F H A P YRII .................V Q KA EN. R P TWGV..GVM.SPFD..............Q V. Y...... ........
14_|BAF93906.1|_464                                               c c                                                    B B KG KG KG KdddddddG B B BD VE K MV LH GI VVM M NH A P YRIN .................M E QG TN. S L VYS...QSA.SAFE..............K E. G...... ........
14_|AAY89038.1|_1075                                              c c                                                    B B KG KG KG KdddddddG B B BD VE K MV LH GL VVM V YNH P YRVK .................M Q SG KN. Y VYN...ASE.HAFN..............KTV. G...... ........
14_|AAB06264.1|_330                                               c c                                                    B B KG KG KG KdddddddG B B BD VE R MI LH GI VVM V FNH I P YALK .................L T KK EN. G TYHTKGGKF.SIFD..............K V. E...... ........
14_|AFL46505.1|_460                                               c c                                                    B B KG KG KG KdddddddG B B BD VE K MI LH GL AVM V YNH I P YRIT .................M Q QG DN. R MFD...AKA.SNLD..............K V. G...... ........
14_|AJG04842.1|_460                                               c c                                                    B B KG KG KG KdddddddG B B BD VE K MI LH GL AVM V YNH I P YRIK .................M Q QG DN. R MFD...AKA.SNLD..............K V. G...... ........
14_|AAD30387.1|_347_2                                             c c                                                    B B KG KG KG KdddddddG B B BD VE K MV LH GI VIL M F H A P YRII .................V Q KA EN. R P TWGV..GVM.SPFD..............Q V. Y...... ........
14_|CAC85704.1|_218                                               c c                                                    B B KG KG KG KdddddddG B B BD VE K AI LH GL VVM A YNH L P YRIV .................L Q HT EN. R VYD...REQ.SPLE..............K V. G...... ........
14_|AAS47565.1|_372                                               c c                                                    B B KG KG KG KdddddddG B B BD VE K MV L GI VI  V YNH I P YRIR .................Y E MG NKA. R K TY....TVGDSPFD..............L V. K...... ........
14_|AEW23439.1|_217                                               c c                                                    B B KG KG KG KdddddddG B B BD VE K AI GI VIL V YNH L P YRII .................L R RAFQQE. R VYV...RET.SSFE..............H V. G...... ........
14_|CAC60156.1|_431                                               c c                                                    B B KG KG KG KdddddddG B B BD VE K LI LH I V M V YNH I P YRIT .................L Q QS QQ.R G N TFD...VMV.SDFD..............K V. Q...... ........
14_|AAE10887.1|_429                                               c c                                                    B B KG KG KG KdddddddG B B BD VE K MV LH I V M V YNH I P YRIK .................F E LS RE.H G N TFA...TQI.SDFD..............K V. E...... ........
14_|AAC00283.1|_213                                               c c                                                    B B KG KG KG KdddddddG B B BD VE K MI LH GL VIL V FNH P YRKT .................L Q NT QH. R VYK...REN.SPFE..............KTV. G...... ........
14_|CAC60157|_429                                                 c c                                                    B B KG KG KG KdddddddG B B BD VE K MV LH I V M V YNH I P YRIK .................F E LS RE.H G N TFAT...QI.SDFD..............K V. E...... ........
14_|AAD36907|_339                                                 c c                                                    B B KG KG KG KdddddddG B B BD VE K MV LH GI VIM M F H P YRIR .................V E KA KH. G P TYGI..GEL.SAFD..............QTV. Y...... ........
20_|BAA02473.1|_130                                               c c                                                    B B KG KG KG KdddddddG B B BD VR LV AH GI IIL A FNH V Y...T.................F R DE RR. K A.....GDQFFAFR..............D L.QK.GEQSR ........
20_|AAA22622.1|_134                                               c c                                                    B B KG KG KG KdddddddG B B BD VK LI H GI VML A FNH V Y..ET.................L T DRC EK. R C.....GYEFAPFQ..............D W.KN.GESSK ........
20_|AAC46346.1|_134                                               c c                                                    B B KG KG KG KdddddddG B B BD VK LV H I VML A FNH V Y..QT.................F R ELC QK.A R S.....GYEFPPFQ..............D L.KY.GENSK ........
20_|AAC15072.1|_134                                               c c                                                    B B KG KG KG KdddddddG B B BD VK LV H GI VML A FNH V Y..ET.................L T KRC EK. R C.....GYEFAPFQ..............D L.KN.GAASR ........
20_|AAF23874.1|_137                                               c c                                                    B B KG KG KG KdddddddG B B BD VR LV LH GM IML A FNH V Y..EI.................F T SQ QR. R I.....GSASPQWQ..............D V.KN.GDQSR ........
20_|AAK15003.1|_134                                               c c                                                    B B KG KG KG KdddddddG B B BD VK LI H GI VML A FNH V Y..ET.................L T DRC EK. R C.....GYEFAPFQ..............D W.KN.GESSK ........
20_|ABJ59624.1|_136                                               c c                                                    B B KG KG KG KdddddddG B B BD VVV AH GM VML A FNH V F..DL.................FAK NE KR. K L.....GDQSMQWQ..............D V.KN.GAKSR ........
20_|ABS59068.1|_41                                                c c                                                    B B KG KG KG KdddddddG B B BD VL AH GM VII  FNH V YIMARENPADPATWQWTSADKLFLAF AE KL. K G V.....GTDFWAFK..............D V.HK.QESSR ........
20_|ACC84362.1|_11                                                c c                                                    B B KG KG KG KdddddddG B B BD VK LL AH I VVL  FNH V W..EA.................F E DA QR.N K G S.....SRGFFFFH..............D L.EN.GPHSP ........
20_|BAI67607.1|_9                                                 c c                                                    B B KG KG KG KdddddddG B B BD VH LM R GI IVL A NH V Y..ET.................F A AEC AR. R L C.....GDGHWAFA..............D V.EN.EADSA ........
20_|AFM43699.1|_134                                               c c                                                    B B KG KG KG KdddddddG B B BD VK LV H GI VML A FNH V Y..ET.................L T KRC EK. R C.....GYEFAPFQ..............D L.KN.GAASR ........
20_|AHW51935.1|_133                                               c c                                                    B B KG KG KG KdddddddG B B BD VR LI H GI VML A FNH V Y..DT.................L T QES KR. R S.....GYYFAPFQ..............D L.QH.GENSR ........
31_|CAA37583.1|_7                                                 c c                                                    B B KG KG KG KdddddddG B B BD VD LL MH M LMM L NH Y..E .................WDE HE ER.N K V T.....SDE.HNWF.........IESRKSKD.NK...... ........
31_|BAA00534.1|_6                                                 c c                                                    B B KG KG KG KdddddddG B B BD VD LI VH GM IIM L NH Y..D .................MFQ DE KR. K V S.....SDE.HAWF.........AESRKSKD.NP...... ........
31_|BAA01368.1|_7                                                 c c                                                    B B KG KG KG KdddddddG B B BD VD K ML MH GI LVM L NH P Y..A .................W T EE KR. K V T.....SDE.HPWF.........IESRKSKDN ....... ........
31_|BAA11354.1|_6                                                 c c                                                    B B KG KG KG KdddddddG B B BD VD LL AH GI IVM L NH Y..E .................MDR DE AR. K V T.....SDE.HAWF.........VES..RKS.KD...NP. ........
31_|AAK27723.1|_24                                                c c                                                    B B KG KG KG KdddddddG B B BD VD LL AH GL VIM L NH..A .................MDE AE KR. K V T.....SDE.HAWF..........QASRDKN.DP......H........
31_|AAV42157.1|_6                                                 c c                                                    B B KG KG KG KdddddddG B B BD VD LI AK I IVM L NH Y..A .................MDE SK EH.H K V T.....SDQ.HKWF.........VEAKKGKD.NQ...... ........
31_|BAE79634.1|_2                                                 c c                                                    B B KG KG KG KdddddddG B B BD VD LL AK GI IIM L NH..A .................MDN TQ MR. K V T.....SDE.HAWF..........IE..ARE.HP...DSSE........
31_|ACM89182.1|_27                                                c c                                                    B B KG KG KG KdddddddG B B BD VD LL AH GL VVM L NH A..D .................MDE AE KR. K V T.....SDE.HAWF..............E S.KN..KDDEH........
31_|ACM89183.1|_26                                                c c                                                    B B KG KG KG KdddddddG B B BD VD LL AH GL IVM L NH..D .................MDE AE KR. K V T.....SDE.HAWF..........EASKDKD.DP......H........
39_|AAA23205.1|_385                                               c c                                                    B B KG KG KG KdddddddG B B BD VK LM AH GI VIL  FNH Y..ST.................F K ED AK. K G T.....SDD.SIYF.........DRY..GKY.LNTGVLGA ........
39_|AAA19800.1|_388                                               c c                                                    B B KG KG KG KdddddddG B B BD VD LM AH GI IIL  FNH P Y..Q .................FEK SD AK. N G T.....SDD.SIYF.........NRY..GKY. D...LGA ........
39_|BAA05832.1|_475                                               c c                                                    B B KG KG KG KdddddddG B B BD VE V I GM LIL  FNH P Y..E .................FESF QA ASR. H G V.....SDD.SIYF.........DRY..GKY. T...VGA ........
39_|AAG44799.1|_479                                               c c                                                    B B KG KG KG KdddddddG B B BD VE V V GM LIL  FNH P Y..E .................FESF QA ASR. H G V.....SDD.SIYF.........DRY..GKY. T...VGA ........
39_|ABR26448.1|_397                                               c c                                                    B B KG KG KG KdddddddG B B BD VE V L GM LIL  FNH P Y..E .................FQSF QA ANR. H G V.....SDD.SIYF.........DRY..HRY. T...VGA ........
39_|ABY95795.1|_385                                               c c                                                    B B KG KG KG KdddddddG B B BD VK LM AH GI VIL  FNH L Y..DT.................F T KE AR. K G T.....SDD.SIYF.........DRYGKY D.NE...LGA ........
39_|ACR15165.1|_384                                               c c                                                    B B KG KG KG KdddddddG B B BD VD LM AH GI IIL  FNH P Y..Q .................FEK SD AK. K G T.....SDD.SIYF.........NRY..GKY. G...LGA ........
39_|ACV59878.1|_541                                               c c                                                    B B KG KG KG KdddddddG B B BD VD LV AH G IIL  F W..Q .................WLN QA AK. FH G EDT.....GSD.SVYF.........NKF..GNF.HS...NGA QAYLKNQP
39_|ADZ99363.1|_550                                               c c                                                    B B KG KG KG KdddddddG B B BD VD LA AH G ILL  F G W..Q .................WLN KA AD. FH G EDT.....GSD.SVYF.........NKF..SNM. S...LGA QAYMQNQP
39_|AFI70750.1|_397                                               c c                                                    B B KG KG KG KdddddddG B B BD VE V L GM LIL  FNH P Y..E .................FQSF QA ANR. H G V.....SDD.SIYF.........DRY..HRY. T...VGA ........
41_AHY15164.1|St_iniae_1419                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LV IH GM VIL V YNH L P YRIL .................F E NE KR. G T.....AKV.SIFE..............D E. N...... ........
41_AGL48789.1|St_suis_1378                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LV IH GM VIL V YNH L P YRIE .................F N NE KQ. G T.....SKT.FLFE..............D E. N...... ........
41_AHY17035.1|St_iniae_1419                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LV IH GM VIL V YNH L P YRIL .................F E NE KR. G T.....AKV.SIFE..............D E. N...... ........
41_AGZ24199.1|St_suis_1377                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LV IH GM VIL V YNH L P YRIE .................F N NE KQ. G T.....SKT.FLFE..............D E. N...... ........
41_ABP93225.1|St_suis_1252                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LV IH GM VIL V YNH L P YRIE .................F N NE KQ. G T.....SKT.FLFE..............D E. N...... ........
41_AER20299.1|St_suis_1389                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LV IH GM VIL V YNH L P YRIE .................F N NE KQ. G T.....SKT.FLFE..............D E. N...... ........
41_AER22304.1|St_suis_1385                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LV IH GM VIL V YNH L P YRIE .................F N NE KQ. G T.....SKT.FLFE..............D E. N...... ........
41_ADZ83524.1|Cl_lento_920                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K MI LH GI VIM V YNH V P YRVN .................L Q NA EA. G TFDT..DVT.SPFN..............K V. G...... ........
41_AGW88268.1|St_suis_1385                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LV IH GM VIL V YNH L P YRIE .................F N NE KQ. G T.....SKT.FLFE..............D E. N...... ........
41_AGG65362.1|St_suis_1389                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LV IH GM VIL V YNH L P YRIE .................F N NE KQ. G T.....SKT.FLFE..............D E. N...... ........
41_AIQ28595.1|Pa_FSL_723                                          c c                                                    B B KG KG KG KdddddddG B B BD VE K LI VH GM VIL V YTH I P YRIK .................L G DA EA. G M.....AKK.ELLN..............D V. N...... ........
41_ADV71067.1|St_suis_1385                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LV IH GM VIL V YNH L P YRIE .................F N NE KQ. G T.....SKT.FLFE..............D E. N...... ........
41_AER16173.1|St_suis_1385                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LV IH GM VIL V YNH L P YRIE .................F N NE KQ. G T.....SKT.FLFE..............D E. N...... ........
41_AIQ51763.1|Pa_FSL_716                                          c c                                                    B B KG KG KG KdddddddG B B BD VE K LI VH GM VIL V YTH I P YRIK .................L G DA EA. G M.....AKK.DFLD..............D V. N...... ........
41_CBI13953.1|St_gallo_1441                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LI IH GM VIL V YNH L P YRIE .................F N AE KR. G T.....ADL.AILE..............D E. N...... ........
41_CAZ56775.1|St_suis_1377                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LV IH GM VIL V YNH L P YRIE .................F N NE KQ. G T.....SKT.FLFE..............D E. N...... ........
41_AIQ34761.1|Pa_FSL_706                                          c c                                                    B B KG KG KG KdddddddG B B BD VE K LI VH GM VIL V YTH I P YRIK .................L G DA ES. G M.....AKK.EFLN..............D V. N...... ........
41_AEZ62583.1|St_infan_1443                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LI IH GM VIL V YNH L P YRIE .................F N NE KR. G T.....ADL.AILE..............D E. N...... ........
41_CCF02755.1|St_maced_1180                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LI IH GM VIL V YNH L P YRIE .................F N AE KR. G T.....ADL.AILE..............D E. N...... ........
41_CBZ48657.1|St_gallo_1441                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LI IH GM VIL V YNH L P YRIE .................F N AE KR. G T.....ADL.AILE..............D E. N...... ........
41_AIQ57390.1|Pa_borea_723                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LI VH GM VIL V YTH I P YRIK .................L G DA EA. G M.....AKK.EFLN..............D V. N...... ........
41_AGI39830.1|C_sterc_1095                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LI IH GM VIL V YTH I P YRIR .................L E NA EK. G M.....AKA.SLLD..............D V. D...... ........
41_AEB82319.1|St_suis_1385                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LV IH GM VIL V YNH L P YRIE .................F N NE KQ. G T.....SKT.FLFE..............D E. N...... ........
41_BAM47868.1|Am_xylan_1322                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LI IH GM VIL V YNH L P YRIE .................F Y NE KR. G T.....ASV.HIFE..............D E. N...... ........
41_AFR01291.1|St_suis_1385                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LV IH GM VIL V YNH L P YRIE .................F N NE KQ. G T.....SKT.FLFE..............D E. N...... ........
41_AGM98096.1|St_iniae_1419                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LV IH GM VIL V YNH L P YRIL .................F E NE KR. G T.....AKV.SIFE..............D E. N...... ........
41_ADE32331.1|St_suis_1408                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LV IH GM VIL V YNH L P YRIE .................F N NE KQ. G T.....SKT.FLFE..............D E. N...... ........
41_AHF60382.1|St_suis_1385                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LV IH GM VIL V YNH L P YRIE .................F N NE KQ. G T.....SKT.FLFE..............D E. N...... ........
41_CAZ52647.1|St_suis_1377                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LV IH GM VIL V YNH L P YRIE .................F N NE KQ. G T.....SKT.FLFE..............D E. N...... ........
41_ACX81318.1|St_gallo_1452                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LI IH GM VIL V YNH L P YRIE .................F N AE KR. G T.....ADL.AILE..............D E. N...... ........
41_ABG83674.1|Cl_perfr_883                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K MV LH GI VVM V YNH V P YRVR .................F D QT KN. R TYGI..GQN.SPFD..............P V. G...... ........
41_AER45198.1|St_suis_1385                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LV IH GM VIL V YNH L P YRIE .................F N NE KQ. G T.....SKT.FLFE..............D E. N...... ........
41_BAK28316.1|St_gallo_1441                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LI IH GM VIL V YNH L P YRIE .................F N AE KR. G T.....ADL.AILE..............D E. N...... ........
41_CQR54568.1|Pa_riogr_717                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LI VH GM VIL V YTH I P YRIK .................L G DA EA. G M.....AKK.DFLD..............D V. N...... ........
41_AGX06343.1|Ba_infan_1304                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LI IH GM VVL V YTH I P YRVK .................L E DA DA. G M.....AKA.STLN..............D V. N...... ........
41_AIQ22910.1|Pa_FSL_700                                          c c                                                    B B KG KG KG KdddddddG B B BD VE K LI IH GM VIL V YTH I P YRIK .................L G DA EA. G M.....AKK.EFLN..............D V. N...... ........
41_AIQ67951.1|Pa_grami_717                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LI VH GM VIL V YTH I P YRIK .................L G DA KA. G M.....AKK.DFLD..............D V. N...... ........
41_AIQ16995.1|Pa_FSL_716                                          c c                                                    B B KG KG KG KdddddddG B B BD VE K LI VH GM VVL V YTH I P YRIK .................L G DA EA. G M.....AKK.EFLN..............D V. N...... ........
41_AER18240.1|St_suis_1385                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LV IH GM VIL V YNH L P YRIE .................F N NE KQ. G T.....SKT.FLFE..............D E. N...... ........
41_AIQ46154.1|Pa_FSL_716                                          c c                                                    B B KG KG KG KdddddddG B B BD VE K LI VH GM VIL V YTH I P YRIK .................L G DA EA. G M.....AKK.DFLD..............D V. N...... ........
41_AIQ40360.1|Pa_FSL_723                                          c c                                                    B B KG KG KG KdddddddG B B BD VE K LI VH GM VIL V YTH I P YRIK .................L G DA EA. G M.....AKK.EFLN..............D V. N...... ........
41_AIY06268.1|Pl_PAMC_1296                                        c c                                                    B B KG KG KG KdddddddG B B BD VE K LI IH M VVL V YTH I P YRVK .................L E DA DA.D G T.....AQT.SLLD..............D V. N...... ........
X_|AAG31033.1|_152                                                c c                                                    C C JH JH JH JIIIIIIIH C C CD VD K LI A GI V   V Y..E .................L T NE KR. K F F PD V.....GLGFWAFQ..............D Y.RN.GRNST ........
                                                      160               170                     X   X
11_|BAA11864.1|_150                A                                                    A               A                Y  G........ YM.............................................LD.PKN.......KRYYIDFT .TGNT...........
11_|AAB63356.1|_198                B                                                    B               B                Y  G........ YS.............................................LS.SDY........KYPWDNT .VGGN...........
11_|AAC76456.1|_136                B                                                    B               B                Y G G........ YW.............................................IR.ED .........DYHNWT .CGNT...........
11_|BAA29041.1|_152                B                                                    B               B                Y G G........ YM.............................................LA.PK .........EFYNYS .CGNT...........
11_|AAK42273.1|_156                B                                                    B               B                Y  G........ YM.............................................LQ.PDN.......KRYYLDFT .TGNT...........
11_|BAB99500.1|_150                B                                                    B               B                Y G G........ YR.............................................L..VE ......DRRHYMDYT .TGNS...........
11_|AAM81590.1|_156                B                                                    B               B                Y  G........ YM.............................................LQ.PDN.......KRYYLDFT .TGNT...........
11_|AAP85534.1|_244                B                                                    B               B                Y G G........ YM.............................................LA.PG .........EYYNYS .CGNT...........
11_sp|P10342|_193                  B                                                    B               B                Y  G........ YE.............................................LT.SGN.......Q.YFYDNT .IGAN...........
12_|AAK74446.1|_586                B                                                    B               B                Y G G........ HF.............................................MD.AD .........TPRTSF ..GGR...........
12_|AAN00098.1|_611                B                                                    B               B                Y G G........ HF.............................................MN.ED .........SPRESF ..GGR...........
12+41_|AAS36537.1|_1272            B                                                    B               B                Y G G........ HF.............................................MD.AD .........TPRTSF ..GGR...........
12_|ACI61883.1|_510                B                                                    B               B                Y G G........ HF.............................................MN.AD .........TARESF ..GGR...........
12+41_|CAR47543.1|_1377            B                                                    B               B                Y G G........ HF.............................................ME.AD .........TAKSSF ..GGR...........
13_|CAA36431.1|_431                B                                                    B               B                Y G  ........ QR.............................................LNETT .........SVESATC..CSD...........
13_|AAA25124.1|_443                B                                                    B               B                Y G  ........ QR.............................................LNETT .........SVESATC..CSD...........
13_|AAD04189.1|_273                B                                                    B               B                Y G  ........ VR.............................................RD.TN .........QIENSAA..MNN...........
13_|BAA28632.1|_328                B                                                    B               B                Y G  ........ LR.............................................RN.VN .........QIENSAA..MNN...........
13_|AAD11599.1|_330                B                                                    B               B                Y G  ........ LR.............................................RD.SN .........QTENSAA..VNN...........
13_|AAN26412.1|_331                B                                                    B               B                Y G  ........ LR.............................................RD.ND .........AIENSTC..VND...........
13_|ABL84490.1|_331                B                                                    B               B                Y G  ........ VR.............................................RD.TN .........QIENSAA..MNN...........
13_|CED95594.1|_470                B                                                    B               B                Y G  ........ HR.............................................YDPVS .........AMEQSTC..CEN...........
14_|ACN58254.1|_339                B                                                    B               B                F G G........ YR.............................................ID.KT .........AYLNES .CGNV...........
14_|BAB62095.1|_218                B                                                    B               B                Y G G........ FR.............................................YD.AY .........QPANGT .VGND...........
14_|AAD30387.1|_347                B                                                    B               B                F G G........ YR.............................................ID.KT .........AYLNES .CGNV...........
14_|BAF93906.1|_464                B                                                    B               B                Y  G........ FR.............................................KN................TQS .CGND...........
14_|AAY89038.1|_1075               B                                                    B               B                Y G G........ FR.............................................YD.AN .........NLTNGS .CGND...........
14_|AAB06264.1|_330                B                                                    B               B                F G G........ YR.............................................VD.DY .........DYSNAT .CGNE...........
14_|AFL46505.1|_460                B                                                    B               B                Y G G........ YR.............................................YT.EG .........DLANGT .VGND...........
14_|AJG04842.1|_460                B                                                    B               B                Y G G........ YR.............................................YT.EG .........DLANGT .VGND...........
14_|AAD30387.1|_347_2              B                                                    B               B                F G G........ YR.............................................ID.KT .........AYLNES .CGNV...........
14_|CAC85704.1|_218                B                                                    B               B                Y G G........ FR.............................................YD.AY .........QPANGT .VGND...........
14_|AAS47565.1|_372                B                                                    B               B                F G G........ YR.............................................TD.DK .........NYTNGS .CGNE...........
14_|AEW23439.1|_217                B                                                    B               B                Y G G........ FR.............................................YE.RN .........YPSNGT .VGND...........
14_|CAC60156.1|_431                B                                                    B               B                Y G G........ YR.............................................TD.SN .........NYTNGS .CGNE...........
14_|AAE10887.1|_429                B                                                    B               B                Y   ........ YR.............................................TM.MQV.........IIPTDQV.LEMK...........
14_|AAC00283.1|_213                B                                                    B               B                F G G........ FR.............................................HD.EC .........MPSNGT .VGND...........
14_|CAC60157|_429                  B                                                    B               B                Y G G........ YR.............................................TD.DA .........NYTNGS .TGNE...........
14_|AAD36907|_339                  B                                                    B               B                F G G........ YR.............................................ID.KT .........AYLNES .CGNV...........
20_|BAA02473.1|_130                B                                                    B               B                ........KDW..................................FFIEDF....PVS.KTS.......RTNYETFAVQVPAMPK.........
20_|AAA22622.1|_134                B                                                    B               B                ........KDW..................................FHIHEF....PLQ.TE.......PRPNYDTFRF.VPQMPK.........
20_|AAC46346.1|_134                B                                                    B               B                ........KHW......................................FHIREFPLQTVPR.........PNYDTFAFTPNMPK.........
20_|AAC15072.1|_134                B                                                    B               B                ........KDW..................................FHIREF....PLQ.TE.......PRPNYDTFAF.VPHMPK.........
20_|AAF23874.1|_137                B                                                    B               B                ........KDW......................................FHIHSFPVT.DDN.........YDRFAFTADMPK...........
20_|AAK15003.1|_134                B                                                    B               B                 P  ........KDW..................................FHIHEFPL..QTE.SR ..........NYDTFAFVPQMPK.........
20_|ABJ59624.1|_136                B                                                    B               B                 G  ........KDW..................................FHINSYPVEPYRDPSK ......EKNPPYETFA..FEKHMPK.......
20_|ABS59068.1|_41                 B                                                    B               B                  G........KNW..................................FVIKRWDD..PAT.KDTS......EFDYDAWW .VKSLPA.........
20_|ACC84362.1|_11                 B                                                    B               B                  G........VNW..................................FKIEGW....PLS.PYN.GEF...PANYVGWA .NRALPE.........
20_|BAI67607.1|_9                  B                                                    B               B                 G G........VNW.............................................FS.VE FPVTAHPTPNYRTCS .CYYLPK.........
20_|AFM43699.1|_134                B                                                    B               B                 P  ........KDW....................................FHIREFPLQTE.PR ..........NYDTFAFVPQMPK.........
20_|AHW51935.1|_133                B                                                    B               B                 G  ........KDW......................................FHPFELPLQ.PD .......DRPNYETFAFVSSMPK.........
31_|CAA37583.1|_7                  B                                                    B               B                Y G  ....R.DY IW.............................................RPGKE .....KEPNNWGAAFS..GSAWQYDEMTDEYY
31_|BAA00534.1|_6                  B                                                    B               B                Y G G.....RDY FW...........................................KDPK.AD .........SEPNNW AIFSGPAWSAMSTAQY
31_|BAA01368.1|_7                  B                                                    B               B                Y G  ....R.DY IW.............................................RPGKN .....KEPNNWESVFS..GSAWEYDEMTGEYY
31_|BAA11354.1|_6                  B                                                    B               B                Y G G....R.DF FW...........................................KDPK.PD .........TPPNNW SMFSGSAWEYDETTGQ
31_|AAK27723.1|_24                 B                                                    B               B                Y  G....A.DW WW................................RPAKPGHEPGTPGAE.PNQ..........WGSYF ..GSAWEYDPKRGEYF
31_|AAV42157.1|_6                  B                                                    B               B                Y   .....RDY IW.............................................RDPVDE.....HEPNDLKSAFS..GSAWKYDERSGQYY
31_|BAE79634.1|_2                  B                                                    B               B                Y  G.....RDY IW.............................................CDQPND..........LESIF ..GSAWQYDDKSDQYY
31_|ACM89182.1|_27                 B                                                    B               B                Y  G....A.DW WW................................RPARPGTTPGEPGSE.PNQ..........WGSYF ..GSAWEYCPERGEYY
31_|ACM89183.1|_26                 B                                                    B               B                Y  G.....ADW WW................................RPARPGHEPGTPGAE.PNQ..........WGSYF ..GSAWEYSPERGEYY
39_|AAA23205.1|_385                B                                                    B               B                 G G........QAW.........................KQGDQSKSPYGDWYE.....IK.PD .........TYEGWW ..FDSLPVIRQ.....
39_|AAA19800.1|_388                B                                                    B               B                 G G........QDW.........................KDGNQSLSPYGDWYT.....IN.SD .........TYECWW ..YDSLPVIKS.....
39_|BAA05832.1|_475                B                                                    B               B                 G G........EYWSAVYDLMNEKGLSEEQARAQVEQKFKDEGQQFSPYGFHLWFNIENEK.VN .......VYKYQSWW ..FDSLPEFKSVTGTK
39_|AAG44799.1|_479                B                                                    B               B                 G G........EYWSAVYDLMNDKGLSEEEARVQVEQKFKDEGQQFSPYGFHLWFNIENEK.VN .......AYKYQAWW ..FDSLPEFKSISGTK
39_|ABR26448.1|_397                B                                                    B               B                 G G........EYWEAVYDLMNEKGLSEEEARRQVEEKFKQEGQTFSPYGFHLWFNIENEK.VD .......RYKYQSWW ..YDSLPEFKSVIGEK
39_|ABY95795.1|_385                B                                                    B               B                 G G........QAW.........................KQGDQSKSPYGDWYE.....IK.PD .........TYEGWW ..FDSLPVIRQ.....
39_|ACR15165.1|_384                B                                                    B               B                 G G........QAW.........................KEGNQSLSPYGDWYT.....IN.SD .........TYECWW ..YDSLPVIKS.....
39_|ACV59878.1|_541                B                                                    B               B                Y   SLSPYYSW VW.............................................TGNTSN.........PYDSWFQ..IDTLPL........
39_|ADZ99363.1|_550                B                                                    B               B                Y   NLSPYYSW EW.........................................TNNPAN.............PYNGWWN..NDTLPQ........
39_|AFI70750.1|_397                B                                                    B               B                 G G........EYWEAVYDLMNEKGLSEEEARKQVEEKFKQEGQTFSPYGFHLWFNIENKK.VD .......HYQYQSWW ..YDSLPEFKSVTGEK
41_AHY15164.1|St_iniae_1419         B                                                    B               B                Y G G........ HF.............................................MD.AD .........TPRTSF ..GGR...........
41_AGL48789.1|St_suis_1378         B                                                    B               B                Y G G........ HF.............................................ME.VD .........TAKSSF ..GGR...........
41_AHY17035.1|St_iniae_1419         B                                                    B               B                Y G G........ HF.............................................MD.AD .........TPRTSF ..GGR...........
41_AGZ24199.1|St_suis_1377         B                                                    B               B                Y G G........ HF.............................................ME.AD .........TAKSSF ..GGR...........
41_ABP93225.1|St_suis_1252         B                                                    B               B                Y G G........ HF.............................................ME.AD .........TAKSSF ..GGR...........
41_AER20299.1|St_suis_1389         B                                                    B               B                Y G G........ HF.............................................ME.AD .........TAKSSF ..GGR...........
41_AER22304.1|St_suis_1385         B                                                    B               B                Y G G........ HF.............................................ME.AD .........TAKSSF ..GGR...........
41_ADZ83524.1|Cl_lento_920         B                                                    B               B                Y G G........ YR.............................................TD.DT .........KFTNGS .CGNE...........
41_AGW88268.1|St_suis_1385         B                                                    B               B                Y G G........ HF.............................................ME.AD .........TAKSSF ..GGR...........
41_AGG65362.1|St_suis_1389         B                                                    B               B                Y G G........ HF.............................................ME.AD .........TAKSSF ..GGR...........
41_AIQ28595.1|Pa_FSL_723           B                                                    B               B                Y G G........ AF.............................................QD.PA .........NFIGGF ...NN...........
41_ADV71067.1|St_suis_1385         B                                                    B               B                Y G G........ HF.............................................ME.AD .........TAKSSF ..GGR...........
41_AER16173.1|St_suis_1385         B                                                    B               B                Y G G........ HF.............................................ME.AD .........TAKSSF ..GGR...........
41_AIQ51763.1|Pa_FSL_716           B                                                    B               B                Y G G........ AF.............................................QD.AN .........NFIGGF ...NN...........
41_CBI13953.1|St_gallo_1441         B                                                    B               B                Y G G........ HF.............................................ME.AD .........TAKTSF ..GGR...........
41_CAZ56775.1|St_suis_1377         B                                                    B               B                Y G G........ HF.............................................ME.AD .........TAKSSF ..GGR...........
41_AIQ34761.1|Pa_FSL_706           B                                                    B               B                Y G G........ AF.............................................QD.AN .........NFIGGF ...NN...........
41_AEZ62583.1|St_infan_1443         B                                                    B               B                Y G G........ HF.............................................ME.AD .........KAKTSF ..GGR...........
41_CCF02755.1|St_maced_1180         B                                                    B               B                Y G G........ HF.............................................ME.AD .........TAKTSF ..GGR...........
41_CBZ48657.1|St_gallo_1441         B                                                    B               B                Y G G........ HF.............................................ME.AD .........TAKTSF ..GGR...........
41_AIQ57390.1|Pa_borea_723         B                                                    B               B                Y G G........ AF.............................................QD.PA .........NFIGGF ...NN...........
41_AGI39830.1|C_sterc_1095         B                                                    B               B                Y G G........ FW.............................................KD.ET .........KLVGGF ...NN...........
41_AEB82319.1|St_suis_1385         B                                                    B               B                Y G G........ HF.............................................ME.AD .........TAKSSF ..GGR...........
41_BAM47868.1|Am_xylan_1322         B                                                    B               B                Y G G........ HF.............................................MN.AD .........SPRENF ..GGR...........
41_AFR01291.1|St_suis_1385         B                                                    B               B                Y G G........ HF.............................................ME.AD .........TAKSSF ..GGR...........
41_AGM98096.1|St_iniae_1419         B                                                    B               B                Y G G........ HF.............................................MD.AD .........TPRTSF ..GGR...........
41_ADE32331.1|St_suis_1408         B                                                    B               B                Y G G........ HF.............................................ME.AD .........TAKSSF ..GGR...........
41_AHF60382.1|St_suis_1385         B                                                    B               B                Y G G........ HF.............................................ME.AD .........TAKSSF ..GGR...........
41_CAZ52647.1|St_suis_1377         B                                                    B               B                Y G G........ HF.............................................ME.AD .........TAKSSF ..GGR...........
41_ACX81318.1|St_gallo_1452         B                                                    B               B                Y G G........ HF.............................................ME.AD .........TAKTSF ..GGR...........
41_ABG83674.1|Cl_perfr_883         B                                                    B               B                F G G........ YR.............................................TN.DE .........KYTNGS .CGNE...........
41_AER45198.1|St_suis_1385         B                                                    B               B                Y G G........ HF.............................................ME.AD .........TAKSSF ..GGR...........
41_BAK28316.1|St_gallo_1441         B                                                    B               B                Y G G........ HF.............................................ME.AD .........TAKTSF ..GGR...........
41_CQR54568.1|Pa_riogr_717         B                                                    B               B                Y G G........ AF.............................................QD.AN .........NFVGGF ...NN...........
41_AGX06343.1|Ba_infan_1304         B                                                    B               B                Y G G........ AF.............................................QD.AK .........NFLGGF ...NN...........
41_AIQ22910.1|Pa_FSL_700           B                                                    B               B                Y G G........ AF.............................................QD.AN .........NFIGGF ...NN...........
41_AIQ67951.1|Pa_grami_717         B                                                    B               B                Y G G........ AF.............................................QD.VN .........NFVGGF ...NN...........
41_AIQ16995.1|Pa_FSL_716           B                                                    B               B                Y G G........ AF.............................................QD.AN .........NFIGGF ...NN...........
41_AER18240.1|St_suis_1385         B                                                    B               B                Y G G........ HF.............................................ME.AD .........TAKSSF ..GGR...........
41_AIQ46154.1|Pa_FSL_716           B                                                    B               B                Y G G........ AF.............................................QD.AN .........NFIGGF ...NN...........
41_AIQ40360.1|Pa_FSL_723           B                                                    B               B                Y G G........ AF.............................................QD.PA .........NFIGGF ...NN...........
41_AIY06268.1|Pl_PAMC_1296         B                                                    B               B                Y G G........ AY.............................................QD.DK .........NFLGGF ...NN...........
X_|AAG31033.1|_152                 C                                                    C               C                W P G........ SW......................................FIVYKWRFKLGD ........TAYKCWW ..IGSLPQ........
            180             190           200            210                                    X   X   X   X
11_|BAA11864.1|_150                                                               c                                      A A A A A DEF A DEF A DEEEEEEEFRL H VLD L YWV VDGF FDLA............ NLS PRV......LQL S.... R LEM.....H ..............S..A.........LA.....
11_|AAB63356.1|_198                                                               c                                      B B B B B KdG B KdG B KdddddddGRT H I IVD L YW VDGF FDLA............YN R P A......QNL S.... A RDAL.....G ..............S..V.........LG.....
11_|AAC76456.1|_136                                                               c                                      B B B B B KdG B KdG B KdddddddGRL H A A L YWV VDGF FDLA............ NLS P V......VDY SAC.... R ETC.....H ..............A..V.........MG.....
11_|BAA29041.1|_152                                                               c                                      B B B B B KdG B KdG B KdddddddGRH V IVD L YWV VDGF FDLA............FNCN P V......REF C.... R TEM.....H ..............S..I.........MT.....
11_|AAK42273.1|_156                                                               c                                      B B B B B KdG B KdG B KdddddddGRL H VLD L YWV VDGF FDLA............ NLS PRV......IQM S.... R TEM.....H ..............A..A.........LA.....
11_|BAB99500.1|_150                                                               c                                      B B B B B KdG B KdG B KdddddddGRL IMD L YWV VDGF FDLA............ NVRDPHS......LQL S.... R TEM.....H ..............S..T.........LA.....
11_|AAM81590.1|_156                                                               c                                      B B B B B KdG B KdG B KdddddddGRL H VLD L YWV VDGF FDLA............ NLS PRV......IQM S.... R TEM.....H ..............A..A.........LA.....
11_|AAP85534.1|_244                                                               c                                      B B B B B KdG B KdG B KdddddddGRL V ILD L WV Y VDGF FDLA............ NCNQP V......RQF C.... KH TE .....H ..............S..I.........LT.....
11_sp|P10342|_193                                                                 c                                      B B B B B KdG B KdG B KdddddddGRT V IVD L YWA VDGF FDLA............FN YNT A......QNL S.... A NTM.....G ..............S..V.........LG.....
12_|AAK74446.1|_586                                                               c                                      B B B B B KdG B KdG B KdddddddGRL T H M R LID I Y V Y VDGF FDMM............ G T H T......K L S.... K L DT .....K ..............G..D.........HD.....
12_|AAN00098.1|_611                                                               c                                      B B B B B KdG B KdG B KdddddddGRL T H M R LVD I Y F VDGF FDMM............ G T A S......R V S.... K LTSE .....K ..............G..D.........HD.....
12+41_|AAS36537.1|_1272                                                           c                                      B B B B B KdG B KdG B KdddddddGRL T H M R LVD I WV Y VDGF FDMM............ G T E S......R V S.... KH DE .....K ..............G..D.........HD.....
12_|ACI61883.1|_510                                                               c                                      B B B B B KdG B KdG B KdddddddGRL T H M R LVD I Y F VDGF FDMM............ G T A S......R I S.... T LTRE .....K ..............G..D.........HD.....
12+41_|CAR47543.1|_1377                                                           c                                      B B B B B KdG B KdG B KdddddddGRL T H M R LVD I Y V F VDGF FDMM............ G T Y S......R V S.... K L DE .....K ..............G..D.........HD.....
13_|CAA36431.1|_431                                                               c                                      B B B B B KdG B KdG B KdddddddGRH M K IAD L W Y IDGF FDLM............SAPE R F......A L S.... AV TTD .....K ..............G..Y.........HP.....
13_|AAA25124.1|_443                                                               c                                      B B B B B KdG B KdG B KdddddddGRH M K IAD L W Y IDGF FDLM............SAPE R F......A L S.... AV TTD .....K ..............G..Y.........HP.....
13_|AAD04189.1|_273                                                               c                                      B B B B B KdG B KdG B KdddddddGRS H M R IVD L WA Y VDGF FDLM............TA E F V......D L D.... LN VN .....K ..............G..H...IMKRTMVT.....
13_|BAA28632.1|_328                                                               c                                      B B B B B KdG B KdG B KdddddddGRS H M R VD L WA Y VDGF FDLM............TA E F V......D LT D.... LN IN .....K ..............G..H.........IM.....
13_|AAD11599.1|_330                                                               c                                      B B B B B KdG B KdG B KdddddddGRS H M R IVD L WA Y VDGF FDLM............TA E F V......D L D.... LN VN .....K ..............G..H.........IM.....
13_|AAN26412.1|_331                                                               c                                      B B B B B KdG B KdG B KdddddddGRS H M R ILD L WA Y VDGF FDLM............TA E F V......E L D.... KH VN .....K ..............G..H.........IM.....
13_|ABL84490.1|_331                                                               c                                      B B B B B KdG B KdG B KdddddddGRS H M R IVD L WA Y IDGF FDLM............TA E F V......D L D.... LN VN .....K ..............G..H.........IM.....
13_|CED95594.1|_470                                                               c                                      B B B B B KdG B KdG B KdddddddGRT H M K V D L A Y DGF FDVM............TA E R M......G L T S.... VLL KE .....GY ..............G..H.........MP.....
14_|ACN58254.1|_339                                                               c                                      B B B B B KdG B KdG B KdddddddGRI S R M K IVD V YWV Y IDGF F M............ A E P M......R F T.... T KE .....H GQ ..............G..L.........ID.....
14_|BAB62095.1|_218                                                               c                                      B B B B B KdG B KdG B KdddddddGRI S R M R IVD V FWA Y IDGF FDLM............ A E R A......R W S.... V KE .....G ..............G..V.........HD.....
14_|AAD30387.1|_347                                                               c                                      B B B B B KdG B KdG B KdddddddGRI S R M K IVD L WWV Y IDGF FD M............ A E P M......R Y T.... K TE .....K Q ..............G..L.........MD.....
14_|BAF93906.1|_464                                                               c                                      B B B B B KdG B KdG B KdddddddGRS H M K IID V YWA Y IDGF FD M............TA N E F......G Y S.... T KN .....D E ..............T..L.........LD.....
14_|AAY89038.1|_1075                                                              c                                      B B B B B KdG B KdG B KdddddddGRV S R M K IVD V YWA Y VDGF FDLM............ A E A A......R Y S.... K TE .....N ..............G..L.........ID.....
14_|AAB06264.1|_330                                                               c                                      B B B B B KdG B KdG B KdddddddGRL T K M K ILD I YW F IDGF FDLM............ A E P V......R F T.... I TEE .....H ..............G..L.........LT.....
14_|AFL46505.1|_460                                                               c                                      B B B B B KdG B KdG B KdddddddGRS R M K IVD V YWA Y DGF FDLM............TA E Q M......H L S.... S KE .....HW ..............G..I.........HD.....
14_|AJG04842.1|_460                                                               c                                      B B B B B KdG B KdG B KdddddddGRS R M K IVD V YWA Y DGF FDLM............TA E K M......H L S.... D KE .....HW ..............G..I.........HD.....
14_|AAD30387.1|_347_2                                                             c                                      B B B B B KdG B KdG B KdddddddGRI S R M K IVD L WWV Y IDGF FD M............ A E P M......R Y T.... K TE .....K Q ..............G..L.........MD.....
14_|CAC85704.1|_218                                                               c                                      B B B B B KdG B KdG B KdddddddGRI S R M R IVD V FWA Y IDGF FDLM............ A E R A......R W S.... V KE .....G ..............G..V.........HD.....
14_|AAS47565.1|_372                                                               c                                      B B B B B KdG B KdG B KdddddddGRI S R M K IVD V YWA Y IDGF FDLM............ A E P V......R F S.... K TE .....K ..............A..L.........HD.....
14_|AEW23439.1|_217                                                               c                                      B B B B B KdG B KdG B KdddddddGRL S R M K IID V YWL Y VDGF FDLM............ A E K V......K F S.... T KE .....G ..............G..I.........LD.....
14_|CAC60156.1|_431                                                               c                                      B B B B B KdG B KdG B KdddddddGRT H M K VLD V YWV Y VDGF FDLM............FA E P A......Q F S.... N NE .....H ..............A..L.........LG.....
14_|AAE10887.1|_429                                                               c                                      B B B B B KdG B KdG B KdddddddGRL R M K IID L YWV Y IDGF FDLM............ XAE P V......Q F S.... K NE .....H ..............A..L.........LG.....
14_|AAC00283.1|_213                                                               c                                      B B B B B KdG B KdG B KdddddddGRI S R M K IAD V YWL Y VDGF FDLL............ A E R A......R F C.... V EE .....N ..............G..I.........LD.....
14_|CAC60157|_429                                                                 c                                      B B B B B KdG B KdG B KdddddddGRI R M K IID L YWV Y IDGF FDLM............ AAE P V......Q F S.... K NE .....H ..............A..L.........LG.....
14_|AAD36907|_339                                                                 c                                      B B B B B KdG B KdG B KdddddddGRI S R M K IVD V YWV Y IDGF FD M............ A E P M......R F T.... T KE .....H Q ..............G..L.........ID.....
20_|BAA02473.1|_130                                                               c                                      B B B B B KdG B KdG B KdddddddGRL T L D A FWM IDGW DVA............ R ENPEV......KEY F V.... R EQ......G L ..............N..E.........VD.....
20_|AAA22622.1|_134                                                               c                                      B B B B B KdG B KdG B KdddddddGRL T R LLD A YWI F IDGW DVA............ N ANPEV......K Y V.... T RE .....D L ..............N..E.........ID.....
20_|AAC46346.1|_134                                                               c                                      B B B B B KdG B KdG B KdddddddGRL T LLD A YWI F IDGW DVA............ N ENQEV......KNY V.... T RE .....D L ..............N..E.........VD.....
20_|AAC15072.1|_134                                                               c                                      B B B B B KdG B KdG B KdddddddGRL T H R LLD A YWI F IDGW DVA............ N A PEV......K Y V.... T RE .....D L ..............N..E.........ID.....
20_|AAF23874.1|_137                                                               c                                      B B B B B KdG B KdG B KdddddddGRL T K LLD A YWI F IDGW DVA............ N ANPEV......Q Y I.... L RE .....D L ..............N..E.........VD.....
20_|AAK15003.1|_134                                                               c                                      B B B B B KdG B KdG B KdddddddGRL T R LLD A YWI F IDGW DVA............ N ANPEV......K Y V.... T RE .....D L ..............N..E.........ID.....
20_|ABJ59624.1|_136                                                               c                                      B B B B B KdG B KdG B KdddddddGRL T LLE A YWV F ID W DVA............ N ANPEV......QDF I.... T KY .....D A L ..............N..E.........VD.....
20_|ABS59068.1|_41                                                                c                                      B B B B B KdG B KdG B KdddddddGRV E WM VDGW DV............FR.KDPKLGLVQGPRDH F I....TRR APNGEASDG L P..............N..E.........IP.....
20_|ACC84362.1|_11                                                                c                                      B B B B B KdG B KdG B KdddddddGRIME A YWL F IDGW DV............FNHDNPEV......REY I.... E .K .....G L P..............F..E.........IK.....
20_|BAI67607.1|_9                                                                 c                                      B B B B B KdG B KdG B KdddddddGRH LD A YWI IDGW DV............WNAYNPEV......R HH V.... R DQ......G L P..............Y..F.........IN.....
20_|AFM43699.1|_134                                                               c                                      B B B B B KdG B KdG B KdddddddGRL T H R LLD A YWI F IDGW DVA............ N A PEV......K Y V.... T RE .....D L ..............N..E.........ID.....
20_|AHW51935.1|_133                                                               c                                      B B B B B KdG B KdG B KdddddddGRL T H LL A YWV F IDGW DVA............ N K PDV......RQY KV.... T EE .....D L ..............N..E.........VD.....
31_|CAA37583.1|_7                                                                 c                                      B B B B B KdG B KdG B KdddddddGRL V E M FWL IDGF DVILHLFSKKQPD.. NWDNEKV......RQD Y M.... K EK......G M ..............N..F........ISK.....
31_|BAA00534.1|_6                                                                 c                                      B B B B B KdG B KdG B KdddddddGRL A R V D M FWM VDGW DVIYLHYFSKKQPD. NWENE V......R E Y L.... T DR......G M ..............G..S.........ISKFVDF
31_|BAA01368.1|_7                                                                 c                                      B B B B B KdG B KdG B KdddddddGRL R V E M FWL VDGF DVILHLFSKKQPD.. NWENPKV......R E Y M.... K DK......G M ..............NMIS........KVP.....
31_|BAA11354.1|_6                                                                 c                                      B B B B B KdG B KdG B KdddddddGRL K I D M FWM VDGW DVIYYLHYFSKKQPD NWENEKV......R E Y M.... K DK......G M ..............G..SISKFLDFPDYE.....
31_|AAK27723.1|_24                                                                c                                      B B B B B KdG B KdG B KdddddddGRL K V M WWM IDGF DVIFHQYSKKQPD.. NWENPEV......R A YKM.... N DR......G M TQISKVIDKNGKLPG..E.........AG.....
31_|AAV42157.1|_6                                                                 c                                      B B B B B KdG B KdG B KdddddddGRL I M FWL I GF DVILHFFADQQPD.. NWQNTEL......RQK YNM.... N DK......G G M ..............E..L.........IG.....
31_|BAE79634.1|_2                                                                 c                                      B B B B B KdG B KdG B KdddddddGRL I D M FWI I GF DVILHFFSKKQPD.. NWENANL......RQK Y M.... N DK......G G M ..............D..M.........IG.....
31_|ACM89182.1|_27                                                                c                                      B B B B B KdG B KdG B KdddddddGRL A R V D M WWL IDGF DVILHQFSKKQPD.. NWENP V......R A Y M.... N DR......G M TLISKRTDANGRLPG..E.........YG.....
31_|ACM89183.1|_26                                                                c                                      B B B B B KdG B KdG B KdddddddGRL A R V D M WWL IDGF DVILHQFSKKQPD.. NWENP V......R A Y M.... N DR......G M TLISKRTDPNGRLPG..E.........TG.....
39_|AAA23205.1|_385                                                               c                                      B B B B B KdG B KdG B KdddddddGRI II YWL ADGW DVA............ NGSEYNV...KSWADF NNPNAISK NPDGDKNVG L ..............N..E.........VA.....
39_|AAA19800.1|_388                                                               c                                      B B B B B KdG B KdG B KdddddddGRL II YWL ADGW DV............ NGSEYNV...TSWANF NDKNAISK NPDENLNDG L E..............N..E.........VA.....
39_|BAA05832.1|_475                                                               c                                      B B B B B KdG B KdG B KdddddddGRI A WI A GW DVAVPYP........SELNNEQL......ANY FYERDSV KS TR......G S L ..............N..E.........VD.....
39_|AAG44799.1|_479                                                               c                                      B B B B B KdG B KdG B KdddddddGRI A WI A GW DVAVPYA........SELNNEQL......ANY FYEQDSV KS TR......G S L ..............N..E.........VD.....
39_|ABR26448.1|_397                                                               c                                      B B B B B KdG B KdG B KdddddddGRA I A WI A GW DVAVSYP........SELNND L......ANY FRESDSV KS AR......G S L ..............N..E.........VD.....
39_|ABY95795.1|_385                                                               c                                      B B B B B KdG B KdG B KdddddddGRI II YWL ADGW DVA............ NGSEYNV...KSWADF NNPNAISK NPDGDKDAG L ..............N..E.........IA.....
39_|ACR15165.1|_384                                                               c                                      B B B B B KdG B KdG B KdddddddGRL II YWL ADGW DV............ NGSEYNV...TSWANF NNENAISK NSDGNLNDG L E..............N..E.........VA.....
39_|ACV59878.1|_541                                                               c                                      B B B B B KdG B KdG B KdddddddGRT A R V A WI ADGW D A............TD SNP Y......Q F Y SDNSV RV RE......G L S .................D.........NG.....
39_|ADZ99363.1|_550                                                               c                                      B B B B B KdG B KdG B KdddddddGRT I A WL ADGW D A............TD NNPSF......QQF Y GKDAV KH AL......G L S ..............D..N.........SN.....
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11_|AAM81590.1|_156                                                    c                                                 B B B B B KdddG B B KG B BEL P V LI  W WN R IFFIA.... ..........QQD.. ILS..Q ........ A P DVGQGGYQVGNFPY.......QW.........AE G.KY DS RRF
11_|AAP85534.1|_244                                                    c                                                 B B B B B KdddG B B KG B BEL I P MI  W WN R VVES.... ..........SED.. VLR..NT........ A A DC.DGLNQVGAFPHY....GGRW.........SE G.KF DV RNF
11_sp|P10342|_193                                                      c                                                 B B B B B KdddG B B KG B BEI V P L L  W WN R LLRE....F..........T R.. AAGGSG ........D FA P AIGGNSYQLGGFP.......QGW.........SE G.LF DS RQA
12_|AAK74446.1|_586                                                    c                                                 B B B B B KdddG B B KG B BEA A L P L IMLG W M FS R LYKA.... .........RA N.. .....N ........ G RTYAGDENMPTKAA.....DQDW. KHT.DTVAV D.DI NN KSG
12_|AAN00098.1|_611                                                    c                                                 B B B B B KdddG B B KG B BEA A I P M IMIG W M FS R LYKE.... .........KA N.. .....N ........ G RTFQGDQGQPVKPA.....DQDW. KST.DTVGV D.DI NS KSG
12+41_|AAS36537.1|_1272                                                c                                                 B B B B B KdddG B B KG B BEA A L P I VMIG W M FS R LFDE.... .........KK N.. .....N ........ G VTFAGDEGEPVQAA.....DQQW. QYT.EAVGS D.EF NE KSG
12_|ACI61883.1|_510                                                    c                                                 B B B B B KdddG B B KG B BEA A I P IMIG W M FS R LFKA.... .........KA N.. .....NT........ G RTYQGDEGKKEIAA.....DQDW. KAT.NTVGV D.DI NT KSG
12+41_|CAR47543.1|_1377                                                c                                                 B B B B B KdddG B B KG B BEA A L P I IMLG W M FS R LFTE.... .........QK N.. .....N ........ G RTFTGDANQPVQPA.....DQDW. SST.DTVAV D.EI NT KSG
13_|CAA36431.1|_431                                                    c                                                 B B B B B KdddG B B KG B BEA I L P I G W L FS R VWER.... .........KA N.. .....D ........YFF G DSNQSDRFEIA........SQIN. KGT..GIGT D.RL DS RGG
13_|AAA25124.1|_443                                                    c                                                 B B B B B KdddG B B KG B BEA I L P I G W L FS R VWER.... .........KA N.. .....D ........YFF G DSNQSDRFEIA........SQIN. KGT..GIGT D.RL DA RGG
13_|AAD04189.1|_273                                                    c                                                 B B B B B KdddG B B KG B BEL A V I L G W M FN R ITTD.... .........HG D.GS.....K ........Y Y G DFAEVARNQRGING.....SQLN. SGT..GIGS D.RI DA NGG
13_|BAA28632.1|_328                                                    c                                                 B B B B B KdddG B B KG B BEA I L V L G W M FN R VKSA.... .........RS T..R.....D HGVYGSKIY Y G DFGEVAQNKRGINA.....SQIN. SGT..GIGS D.RI DS NGG
13_|AAD11599.1|_330                                                    c                                                 B B B B B KdddG B B KG B BEA L L L G W M FN R IKSA.... .........QS T..I.....DEHGVDGSKIY Y G NFGEVAENQRGING.....SQLN. SGT..GIGS D.RI DA NGG
13_|AAN26412.1|_331                                                    c                                                 B B B B B KdddG B B KG B BEA L L I L G W L FN R VTNM.... .........QG S..K.....N DGVEGSSIY Y G DFGEVANNARGVNA.....SQLN. GGT..GIGS D.RI DA LGG
13_|ABL84490.1|_331                                                    c                                                 B B B B B KdddG B B KG B BEA L L A L G W M FN R VKAA.... .........QS T..R.....D HGVDGSKIY Y G DFAEVARNQRGING.....SQLN. SGT..GIGS D.RI DA NGG
13_|CED95594.1|_470                                                    c                                                 B B B B B KdddG B B KG B BEA V V P G W M FN R VRTA.... .........QA D.. .....DT........YFY G NFGEVADNRLFEQA.....TQAN. AGS..EVGT D.RI EA RGG
14_|ACN58254.1|_339                                                    c                                                 B B B B B KdddG B B KG B BEV L I P I IL G W V FN R IEKA.... .........HK D.. .....T ........ Y P ....GGWGAPIRFG.....KND.. AGT..HVAA D.EF DA RGS
14_|BAB62095.1|_218                                                    c                                                 B B B B B KdddG B B KG B BEV L I P I LV G W A FN R VRDA.... .........DA D.. .....S ........ Y G .....DLPTPLPPEQKA..TMAN. KQL.PRFAY D.RF DA KGS
14_|AAD30387.1|_347                                                    c                                                 B B B B B KdddG B B KG B BEI L I P V VL G W V FN R LKSE.... .........SK E.. .....S ........ Y P ....GGWGAPIRFG.....KAD.. GGT..GIAA D.EF DA RGS
14_|BAF93906.1|_464                                                    c                                                 B B B B B KdddG B B KG B BEL L L P I IM G W FN R IRAA.... .........TA D.. .....H ........ Y G ....GDSNANNIPE.....TSINNYKNV.PGIGF P.GE DA ...
14_|AAY89038.1|_1075                                                   c                                                 B B B B B KdddG B B KG B BEV L I P I LVIG W A FN R IRAA.... .........DE D.. .....S ........ G DMTDAIGNQET........TQPN. SKV.KGVAF D.SL DA KGS
14_|AAB06264.1|_330                                                    c                                                 B B B B B KdddG B B KG B BEV V P A LV G W FN R IANE.... .........RKRN.. .....K ........ Y G VMGNSTCLVEEMATILSSCHQGY.......SIGL D.RI DA RGD
14_|AFL46505.1|_460                                                    c                                                 B B B B B KdddG B B KG B BEV I P I LV G W FN R LKQA....T.........KR D.. .....S ........ F G .....SLGTPLPDSEKA..NQTN.TKQM.PGIGH D.NL DA KGS
14_|AJG04842.1|_460                                                    c                                                 B B B B B KdddG B B KG B BEV I P I LV G W A FN R LKRT....T.........TK D.. .....S ........ F G .....SLGTPLPEAEKA..NQTN. KQM.PGIAH D.NL DA KGS
14_|AAD30387.1|_347_2                                                  c                                                 B B B B B KdddG B B KG B BEI L I P V VL G W V FN R LKSE.... .........SK E.. .....S ........ Y P ....GGWGAPIRFG.....KAD.. GGT..GIAA D.EF DA RGS
14_|CAC85704.1|_218                                                    c                                                 B B B B B KdddG B B KG B BEV L I P I LV G W A FN R VRDA.... .........DA D.. .....S ........ Y G .....DLPTPLPPEQKA..TMAN. KQL.PRFAY D.RF DA KGS
14_|AAS47565.1|_372                                                    c                                                 B B B B B KdddG B B KG B BEV L I P I II G W FN R IQEA.... .........HQ D.. .....S ........ Y P QAGGSPLPANLQFTKG...KQRG......TRIAV D.HI NA KG.
14_|AEW23439.1|_217                                                    c                                                 B B B B B KdddG B B KG B BEV I I P V IILG W A FN R VRRA.... .........DE D.. .....T ........ G .....DLATPLPSEKKT..TIAN. KHT.PRIAY D.RF DY KGS
14_|CAC60156.1|_431                                                    c                                                 B B B B B KdddG B B KG B BEI L I P I VL G W FN R LSNE.... .........HA N.. .....G ........ Y P TGGTSGLSSDQLVTKG...QQKG......LGIGV D.NI NG DGN
14_|AAE10887.1|_429                                                    c                                                 B B B B B KdddG B B KG B BEA L I P I AL G W FN R LASE.... .........HA N.. .....G ........ Y P TGGTSALPDDQLLTKG...AQKG......MGVAV D.NL NA DGN
14_|AAC00283.1|_213                                                    c                                                 B B B B B KdddG B B KG B BEM A A P I LL G W A FN R VKEK.... .........TK K.. .....G ........ F G .....DLATPLPHEQKA..ALAN. PRM.PGIGF D.MF DA KGN
14_|CAC60157|_429                                                      c                                                 B B B B B KdddG B B KG B BEA L I P I AL G W FN R LASE.... .........HA N.. .....G ........ Y P TGGTSALPDDQLLTKG...AQKG......MGVAV D.NL NA DGN
14_|AAD36907|_339                                                      c                                                 B B B B B KdddG B B KG B BEV L I P I IL G W V FN R IERA.... .........HK D.. .....T ........ Y P ....GGWGAPIRFG.....KSD.. AGT..HVAA D.EF DA RGS
20_|BAA02473.1|_130                                                    c                                                 B B B B B KdddG B B KG B BEL L P A LIVG W L N R VEFRR.... V........KS N.. .....D ........ I HD.................ASGW. MGD.QFDSVM Y.LF ES IRF
20_|AAA22622.1|_134                                                    c                                                 B B B B B KdddG B B KG B BEL P V ILG W L N VEFRQ....EV........KA K.. .....D ........Y I HD.................AMPW. RGD.QFDAVM Y.PFTDG LRF
20_|AAC46346.1|_134                                                    c                                                 B B B B B KdddG B B KG B BEA I P A ILG W L NEFRQ.... V........KT K.. .....D ........Y I HD.................AMPW. RGD.QFDAVM Y.PFTNGTLRF
20_|AAC15072.1|_134                                                    c                                                 B B B B B KdddG B B KG B BEA L P V ILG W L N AEFRQ.... V........KA K.. .....D ........Y I HD.................AMPW. RGD.QFDAVM Y.PLADA LRF
20_|AAF23874.1|_137                                                    c                                                 B B B B B KdddG B B KG B BEA P V ILG W L N MTFRQ.... V........STEK.. .....D ........Y I HS.................AEPW. RGD.EFHAAM Y.PFTEP IEY
20_|AAK15003.1|_134                                                    c                                                 B B B B B KdddG B B KG B BEA L P V ILG W L N VEFRQ.... V........KA K.. .....D ........Y I HD.................AMPW. RGD.QFDAVM Y.PFTDG LRF
20_|ABJ59624.1|_136                                                    c                                                 B B B B B KdddG B B KG B BEI P IVG W L N IRFHD....EL........IK K.. .....DF........Y I HS.................ARPW. QGD.QFTGVM Y.PYTLQ EDH
20_|ABS59068.1|_41                                                     c                                                 B B B B B KdddG B B KG B BEL I P A IVG W L N VDWRR.... V........KG N.. .....E ........Y I DD.................ATPW. QGD.EFDAVM Y.EFARA AKF
20_|ACC84362.1|_11                                                     c                                                 B B B B B KdddG B B KG B BEI P A IVG W L NEFRD............RTKA N.. .....E ........Y V GD.................SRQW. DGT.QFDGVM Y.LFAGPTIAF
20_|BAI67607.1|_9                                                      c                                                 B B B B B KdddG B B KG B BEA L IV  W L N R IEFRT.... V........KGKS..E.....D ........Y A E RS.................PVEW. QGD.TADGTM Y.TA DL LGF
20_|AFM43699.1|_134                                                    c                                                 B B B B B KdddG B B KG B BEA L P V ILG W L N AEFRQ.... V........KA K.. .....D ........Y I HD.................AMPW. RGD.QFDAVM Y.PFTDG LRF
20_|AHW51935.1|_133                                                    c                                                 B B B B B KdddG B B KG B BEL V ILG W L N ISFRN....EV........KN K..K.....D ........Y I HQ.................SSPW. QGD.QFDAVM Y.PLTDA QGY
31_|CAA37583.1|_7                                                      c                                                 B B B B B KdddG B B KG B BEV V I M VG FETEEEGY SGHKHFMNGPN H..KYLHEMNEEVLSHYDI T MPGVTTEEAKLYTGEE.....RKEL......QMVFQ EHMDLDSGEGGK
31_|BAA00534.1|_6                                                      c                                                 B B B B B KdddG B B KG B BEL M VG FYHSN....G.........PR H..EFIQEMNREVLSRYDC T AGGSDVEEAKKYTDPS.....RHEL......NMIFT EHMDIDTKQHSP
31_|BAA01368.1|_7                                                      c                                                 B B B B B KdddG B B KG B BEM V I M VG L NNRE.... .........LSKY........D ........ T TP......GVTP.........KEGI. YTD.PSRREL M.VFQFEHMDL
31_|BAA11354.1|_6                                                      c                                                 B B B B B KdddG B B KG B BEL M VG FNYHAN....G.........PR H..AFIQEMNREVLSKYDC T AIGSDVEIARKYTGP......DRH.......ELNMI FEHMDVDTKPG
31_|AAK27723.1|_24                                                     c                                                 B B B B B KdddG B B KG B BEI V M VG FPVGE.EGYSSPYPFCSDGPR DEFLAEMRRE .FEGREGY N APGITPARNEHVTDPA.....NKEL......DMLFL DH........VG
31_|AAV42157.1|_6                                                      c                                                 B B B B B KdddG B B KG B BEI L P M VG W F LREN....G.........PM H.. YLQEMNKATFGKRDV T T NATPKIAEEYSDPD.....RHEL......SMVFQ EN....QS DQQ
31_|BAE79634.1|_2                                                      c                                                 B B B B B KdddG B B KG B BEI L A L VG W MVSN....G.........PK H..AYLKEMN ASFGQHDL T T GATPEIAKQYSNPV.....NHELS VFQFEHIGLQHK...PEAPKWD
31_|ACM89182.1|_27                                                     c                                                 B B B B B KdddG B B KG B BEV L VG FPVGE.EGYSNPNPFCADGPRQDEFLKEMRRE .FAGREGF T APGITPVRNEHITNPA.....NGEL......DMLFL DHVDFDCDGVKW
31_|ACM89183.1|_26                                                     c                                                 B B B B B KdddG B B KG B BEV L VG FPVGE.EGYSSPNPFCADGPRQDEFLAEMRRE .FDGRDGF T APGITAERNEHITDPA.....NGEL......DMLFL EHMGVDQTPESK
39_|AAA23205.1|_385                                                    c                                                 B B B B B KdddG B B KG B BEA V P A MV  W L N R VHFRG.... I........NT K.. .....N ........P A N N..................DASLD LGD.SFNSVM Y.LF NA IDF
39_|AAA19800.1|_388                                                    c                                                 B B B B B KdddG B B KG B BEA V P A MI  W L N R IHFRD.... I........NT K.. .....E ........P A N ....GDASLD.............. LGD.SFNSVM Y.QF ND IDF
39_|BAA05832.1|_475                                                    c                                                 B B B B B KdddG B B KG B BEL LILG W N R VEFRK....ELLQSDYDRGPT KNGQ.....QP........ I DD.................ASKY.FLGD.QYDSVM Y.RF GA LDF
39_|AAG44799.1|_479                                                    c                                                 B B B B B KdddG B B KG B BEL LILG W N R VEFRK....ELLQGDYDRGPT KSGQ.....QP........ I DD.................ASKY.FLGD.QYDSVM Y.RF GA LDF
39_|ABR26448.1|_397                                                    c                                                 B B B B B KdddG B B KG B BEL ALLG W N R VEFRQ....ELLQGSYDRGPT KERE.....QP........ I DD.................ASKY.FLGD.QYDSVM Y.RF GA LDF
39_|ABY95795.1|_385                                                    c                                                 B B B B B KdddG B B KG B BEA V P A MI  W L N R VHFRA.... I........NT K.. .....N ........P A L ....GDA............SLD.. LGD.SFNSVM Y.LF NA IDF
39_|ACR15165.1|_384                                                    c                                                 B B B B B KdddG B B KG B BEA V A MI  W L N R IHFRN.... I........NT K..F.....E ........P A N ....GDASLD.............. LGD.SFNSVM Y.QF ND IDF
39_|ACV59878.1|_541                                                    c                                                 B B B B B KdddG B B KG B BEA I P A AIIG W L N R VGFRQ.... V........KS D.. .....N ........ I DNATNDN............GTDW. TGS.TFDSVM Y.QF NA IDF
39_|ADZ99363.1|_550                                                    c                                                 B B B B B KdddG B B KG B BEA I P A AIVG W L N R VNFRN.... V........KS D.. .....N ........ I NTATNDN............GTDW. TGS.TFDSVM Y.SF NA IDF
39_|AFI70750.1|_397                                                    c                                                 B B B B B KdddG B B KG B BEL LILG W N R VEFRQ....ELLQGSYGRGPT KEGE.....QP........ I DD.................ASKY.FLGD.QYDSVM Y.RF GA LDF
41_AHY15164.1|St_iniae_1419                                             c                                                 B B B B B KdddG B B KG B BEA A L P I IMLG W M FS R LFHA.... .........KA N.. .....N ........ G VTYAGDQNKPQQAA.....DQTW. SKT.DTVAS D.DI NM KSG
41_AGL48789.1|St_suis_1378                                             c                                                 B B B B B KdddG B B KG B BEA A L P I IMLG W M FS R LFTE.... .........QK N.. .....N ........ G RTFTGDANQPVQPA.....DQDW. SST.DTVAV D.DI NT KSG
41_AHY17035.1|St_iniae_1419                                             c                                                 B B B B B KdddG B B KG B BEA A L P I IMLG W M FS R LFHA.... .........KA N.. .....N ........ G VTYAGDQNKPQQAA.....DQTW. SKT.DTVAS D.DI NM KSG
41_AGZ24199.1|St_suis_1377                                             c                                                 B B B B B KdddG B B KG B BEA A L P I IMLG W M FS R LFTE.... .........QK N.. .....N ........ G RTFTGDANQPVQPA.....DQDW. SST.DTVAV D.DI NT KSG
41_ABP93225.1|St_suis_1252                                             c                                                 B B B B B KdddG B B KG B BEA A L P I IMLG W M FS R LFTE.... .........QK N.. .....N ........ G RTFTGDANQPVQPA.....DQDW. SST.DTVAV D.EI NT KSG
41_AER20299.1|St_suis_1389                                             c                                                 B B B B B KdddG B B KG B BEA A L P I IMLG W M FS R LFTE.... .........QK N.. .....N ........ G RTFTGDANQPVQPA.....DQDW. SST.DTVAV D.EI NT KSG
41_AER22304.1|St_suis_1385                                             c                                                 B B B B B KdddG B B KG B BEA A L P I IMLG W M FS R LFTE.... .........QK N.. .....N ........ G RTFTGDANQPVQPA.....DQDW. SST.DTVAV D.DI NT KSG
41_ADZ83524.1|Cl_lento_920                                             c                                                 B B B B B KdddG B B KG B BEI I I II G W FN R ITSE.... K........NE K..S.....DF........ Y P TGGSTPLQQQTVKG.....SQKG......QDFGV D.EI GA KGD
41_AGW88268.1|St_suis_1385                                             c                                                 B B B B B KdddG B B KG B BEA A L P I IMLG W M FS R LFTE.... .........QK N.. .....N ........ G RTFTGDANQPVQPA.....DQDW. SST.DTVAV D.EI NT KSG
41_AGG65362.1|St_suis_1389                                             c                                                 B B B B B KdddG B B KG B BEA A L P I IMLG W M FS R LFTE.... .........QK N.. .....N ........ G RTFTGDANQPVQPA.....DQDW. SST.DTVAV D.EI NT KSG
41_AIQ28595.1|Pa_FSL_723                                               c                                                 B B B B B KdddG B B KG B BEA A I P A L IG W M FS R LYDA.... .........AA N.. .....K ........ F G ITFGGEASDPSLKGKAA..DQKW. DKT.DSVGV D.EF NE KSG
41_ADV71067.1|St_suis_1385                                             c                                                 B B B B B KdddG B B KG B BEA A L P I IMLG W M FS R LFTE.... .........QK N.. .....N ........ G RTFTGDANQPVQPA.....DQDW. SST.DTVAV D.EI NT KSG
41_AER16173.1|St_suis_1385                                             c                                                 B B B B B KdddG B B KG B BEA A L P I IMLG W M FS R LFTE.... .........QK N.. .....N ........ G RTFTGDANQPVQPA.....DQDW. SST.DTVAV D.EI NT KSG
41_AIQ51763.1|Pa_FSL_716                                               c                                                 B B B B B KdddG B B KG B BEA A I P A L IG W M FS R LYDA.... .........QA N.. .....Q ........ F G VTFGGAASDPSLAGQGA..DQQW. DKT.DSVGV D.EF NE KSG
41_CBI13953.1|St_gallo_1441                                             c                                                 B B B B B KdddG B B KG B BEA A L P I IMLG W M FS R LYDT.... .........KA N.. .....N ........ G ISYAGDANDSRQPA.....DQTW. SQT.DSVAS D.DI NL KSG
41_CAZ56775.1|St_suis_1377                                             c                                                 B B B B B KdddG B B KG B BEA A L P I IMLG W M FS R LFTE.... .........QK N.. .....N ........ G RTFTGDANQPVQPA.....DQDW. SST.DTVAV D.EI NT KSG
41_AIQ34761.1|Pa_FSL_706                                               c                                                 B B B B B KdddG B B KG B BEA A I P A L IG W M FS R LYDA.... .........AE N.. .....K ........ F G RTFGGAAADPSLAGKGA..DQDW. DKT.DSVGV D.EF NE KSG
41_AEZ62583.1|St_infan_1443                                             c                                                 B B B B B KdddG B B KG B BEA A L P V IMLG W M FS R LYDK.... .........KA N.. .....N ........ G ITYAGDANDSRQPA.....DQTW. AHT.DSVAS D.DI NL KSG
41_CCF02755.1|St_maced_1180                                             c                                                 B B B B B KdddG B B KG B BEA A L P I IMLG W M FS R LYDT.... .........KA N.. .....N ........ G ISYAGDANDSRQPA.....DQTW. SQT.DSVAS D.DI NL KSG
41_CBZ48657.1|St_gallo_1441                                             c                                                 B B B B B KdddG B B KG B BEA A L P I IMLG W M FS R LYDT.... .........KA N.. .....N ........ G ISYAGDANDSRQPA.....DQTW. SQT.DSVAS D.DI NL KSG
41_AIQ57390.1|Pa_borea_723                                             c                                                 B B B B B KdddG B B KG B BEA A I P A L IG W M FS R LYDA.... .........AA N.. .....K ........ F G ITFGGEASDPSLKGKAA..DQKW. DKT.DSVGV D.EI NE KSG
41_AGI39830.1|C_sterc_1095                                             c                                                 B B B B B KdddG B B KG B BEA A I P A L IG W M FS R LYNE.... .........KK N.. .....N ........ F G RTFSGHLADPELAGKGA..DQDW. DKT.DDVGV D.EI NE KSG
41_AEB82319.1|St_suis_1385                                             c                                                 B B B B B KdddG B B KG B BEA A L P I IMLG W M FS R LFTE.... .........QK N.. .....N ........ G RTFTGDANQPVQPA.....DQDW. SST.DTVAV D.EI NT KSG
41_BAM47868.1|Am_xylan_1322                                             c                                                 B B B B B KdddG B B KG B BEA A L P I VMIG W M FS R LYDK.... .........KE N.. .....N ........ G VTFAGDEKYPDVQAA....DQHW. QHT.KAVGS D.EF NE KSG
41_AFR01291.1|St_suis_1385                                             c                                                 B B B B B KdddG B B KG B BEA A L P I IMLG W M FS R LFTE.... .........QK N.. .....N ........ G RTFTGDANQPVQPA.....DQDW. SST.DTVAV D.EI NT KSG
41_AGM98096.1|St_iniae_1419                                             c                                                 B B B B B KdddG B B KG B BEA A L P I IMLG W M FS R LFHA.... .........KA N.. .....N ........ G VTYAGDQNKPQQAA.....DQTW. SKT.DTVAS D.DI NM KSG
41_ADE32331.1|St_suis_1408                                             c                                                 B B B B B KdddG B B KG B BEA A L P I IMLG W M FS R LFTE.... .........QK N.. .....N ........ G RTFTGDANQPVQPA.....DQDW. SST.DTVAV D.EI NT KSG
41_AHF60382.1|St_suis_1385                                             c                                                 B B B B B KdddG B B KG B BEA A L P I IMLG W M FS R LFTE.... .........QK N.. .....N ........ G RTFTGDANQPVQPA.....DQDW. SST.DTVAV D.EI NT KSG
41_CAZ52647.1|St_suis_1377                                             c                                                 B B B B B KdddG B B KG B BEA A L P I IMLG W M FS R LFTE.... .........QK N.. .....N ........ G RTFTGDANQPVQPA.....DQDW. SST.DTVAV D.EI NT KSG
41_ACX81318.1|St_gallo_1452                                             c                                                 B B B B B KdddG B B KG B BEA A L P I IMLG W M FS R LYDT.... .........KA N.. .....N ........ G ISYAGDANDSRQPA.....DQTW. SQT.DSVAS D.DI NL KSG
41_ABG83674.1|Cl_perfr_883                                             c                                                 B B B B B KdddG B B KG B BEL L I P L II G W FN R ITTE.... R........NE D.. .....S ........ Y P QAGGSALPQEQQTLKG...SQKG......KGFAV D.NF NA KGD
41_AER45198.1|St_suis_1385                                             c                                                 B B B B B KdddG B B KG B BEA A L P I IMLG W M FS R LFTE.... .........QK N.. .....N ........ G RTFTGDANQPVQPA.....DQDW. SST.DTVAV D.EI NT KSG
41_BAK28316.1|St_gallo_1441                                             c                                                 B B B B B KdddG B B KG B BEA A L P I IMLG W M FS R LYDT.... .........KA N.. .....N ........ G ISYAGDANDSRQPA.....DQTW. SQT.DSVAS D.DI NL KSG
41_CQR54568.1|Pa_riogr_717                                             c                                                 B B B B B KdddG B B KG B BEA A I P A L IG W M FS R LYDA.... .........EA N.. .....K ........ F G KTFAGDASDPALAGKGA..DQAW. DKT.DSVGV D.EF NE KSG
41_AGX06343.1|Ba_infan_1304                                             c                                                 B B B B B KdddG B B KG B BEA A I P A L IG W M FS R LYDA.... .........AA N.. .....D ........ F G RTFAGHLADPALEGMGA..DQDW. DKT.DDVGV D.EI NE KSG
41_AIQ22910.1|Pa_FSL_700                                               c                                                 B B B B B KdddG B B KG B BEA A I P A L IG W M FS R LYDA.... .........AE N.. .....K ........ F G RTFGGAAADPSLAGKGA..DQDW. DKT.DNVGV D.EF NE KSG
41_AIQ67951.1|Pa_grami_717                                             c                                                 B B B B B KdddG B B KG B BEA A I P A L IG W M FS R LYDA.... .........EA H.. .....K ........ F G KTFAGDASDPALAGKGA..DQAW. DKT.DSVGV D.EF NE KSG
41_AIQ16995.1|Pa_FSL_716                                               c                                                 B B B B B KdddG B B KG B BEA A I P A L IG W M FS R LYDA.... .........AA N.. .....Q ........ F G KTFGGAASDPSLAGKGA..DQDW. NKT.DSVGV D.EF NE KSG
41_AER18240.1|St_suis_1385                                             c                                                 B B B B B KdddG B B KG B BEA A L P I IMLG W M FS R LFTE.... .........QK N.. .....N ........ G RTFTGDANQPVQPA.....DQDW. SST.DTVAV D.EI NT KSG
41_AIQ46154.1|Pa_FSL_716                                               c                                                 B B B B B KdddG B B KG B BEA A I P A L IG W M FS R LYDA.... .........QA N.. .....Q ........ F G VTFGGAASDPSLAGQGA..DQQW. DKT.DSVGV D.EF NE KSG
41_AIQ40360.1|Pa_FSL_723                                               c                                                 B B B B B KdddG B B KG B BEA A I P A L IG W M FS R LYDA.... .........AA N.. .....K ........ F G ITFGGEASDPSLKGKAA..DQKW. DKT.DSVGV D.EF NE KSG
41_AIY06268.1|Pl_PAMC_1296                                             c                                                 B B B B B KdddG B B KG B BEA A I P A L IG W M FS R LYDA.... .........AA N.. .....D ........ F G RTFAGHIADPSLEGMGA..DQDW. DKT.DSVGV D.EM NE KSG
X_|AAG31033.1|_152                                                     c                                                 C C C C C JIIIH C C JH C CEA P A VG W L N R LELRE.... V........KSRY.. .....D ........Y I DY.................RPEW. RGN.AFDSLM YYLG NI LSY
       280                                                               290       300          X   X   X
11_|BAA11864.1|_150                                                             A  A                   A                  L LW......RGD..PVPY......................................EE AN................R LGSPDLYAG........
11_|AAB63356.1|_198                                                             B  B                   B                  L  Q....NKLGV.....................................ETVT..PGT AT................RFAGSNDLYGD........
11_|AAC76456.1|_136                                                             B  B                   B                 W......LHY..DLPL......................................GAFAG................RFAASSDVFKR........
11_|BAA29041.1|_152                                                             B  B                   B                 A  LI......KGT..DGF...................................... GGFAE................C CGSPHLYQA........
11_|AAK42273.1|_156                                                             B  B                   B                  I LW......RGE.....................................ALPY...SE AN................R LGSPDIYLG........
11_|BAB99500.1|_150                                                             B  B                   B                   LW......RGE..PATL......................................GEFAS................R TGSSDLYAN........
11_|AAM81590.1|_156                                                             B  B                   B                  I LW......RGE......................................ALP..YSE AN................R LGSPDIYLG........
11_|AAP85534.1|_244                                                             B  B                   B                 I...KGTDGPWAGDFA...............................SAICGSPNIYAN................NTPHETDWWANNGGRQWK.
11_sp|P10342|_193                                                               B  B                   B                 V   Q....NELGS..MTIY..................................... TQDAN................DFSGSSNLFQS........
12_|AAK74446.1|_586                                                             B  B                   B                 V I LY....PNEGQ..PAFI..TG...........................GKRD.. NT FK................N IAQPTNF..........
12_|AAN00098.1|_611                                                             B  B                   B                 L I IF....PNEGT..PAFI..TG...........................GPQS.. QG FK................N KAQPGNF..........
12+41_|AAS36537.1|_1272                                                         B  B                   B                 V I IF....GSEGQ..PRFI..TG...........................GAVN.. QQ FD................N KAQPHNF..........
12_|ACI61883.1|_510                                                             B  B                   B                 L L IF....PNEGT..AAFI..TG...........................GAKN.. EG FK................T KAQPSNF..........
12+41_|CAR47543.1|_1377                                                         B  B                   B                 V V IY....PNEGQ..PAFI..TG...........................GAKS.. ES FN................N KAQPGNF..........
13_|CAA36431.1|_431                                                             B  B                   B                 A L  G....PFDSG..DALRQNQGIGSGAGVLPNELASLSDDQVRHLADLTRLGM.. GN ADFVMIDKDGAAKKGSEIDYNGAPGGY..........
13_|AAA25124.1|_443                                                             B  B                   B                 A L  G....PFDSG..DALRQNQGVGSGAGVLPNELTTLSDDQARHLADLTRLGM.. GN ADFVLIDKDGAVKRGSEIDYNGAPGGY..........
13_|AAD04189.1|_273                                                             B  B                   B                 A L VN....PFGNPLQQGFN..TGLFLEPNGFYQGNEADTRRSLATYADQIQIGL.. GN RD................Y LISHTGEAKKGSEIHTF
13_|BAA28632.1|_328                                                             B  B                   B                 A L VN....PFGNPLQQGFS..TGLFLEPNGYYQGNEADTRRELATYADHIQIGL.. GN KD................Y LRTHTGEAKKGSDIYTF
13_|AAD11599.1|_330                                                             B  B                   B                 A L VS....PFGNPLQQGFS..TGLFLEPNGFYQGNETETRLTLATYADHIQIGL.. GN KD................Y VISHTGEARKGSEIRTF
13_|AAN26412.1|_331                                                             B  B                   B                 A L IG....PFGPPLQQGYV..TGLSLQPNDHDHSGKANADRMLAVAKDHIQVGM.. GN RD................Y LTNCDGKQVKGSEVYTY
13_|ABL84490.1|_331                                                             B  B                   B                 A L VN....PFGNPLQQGFN..TGLFLEPNGFYQGNEADTRRSLATYADQIQIGL.. GN RD................Y LITHTGETKKGSEIHTF
13_|CED95594.1|_470                                                             B  B                   B                 A L  A....LFATESKDDYLRDQD...........................TLRLSL GN QNYVLKDFNGNSAKGSSFSWNSQPSAY..........
14_|ACN58254.1|_339                                                             B  B                   B                  I VV....FNPSV..KGFA..MG...........................GYGK..ETK KR................G VGSINYDGKLIKS....
14_|BAB62095.1|_218                                                             B  B                   B                  I LT....FHLPD..RGFALGNP...........................GGREQVKLA AG................S RALGGLF..........
14_|AAD30387.1|_347                                                             B  B                   B                  V VV....FNATV..KGFL..MG...........................ALAK..ETG KR................G AGSIEYDEVIRS.....
14_|BAF93906.1|_464                                                             B  B                   B                  V L.....SNNGGSAGGFA..AG...........................NTAS..TTT AG................A LASGSWNGNGTVQ....
14_|AAY89038.1|_1075                                                            B  B                   B                  I VV....FSDED..TGFI..AG...........................KADK..ENL AT................N LGCNNKREGIDENGHCN
14_|AAB06264.1|_330                                                             B  B                   B                 V L IL......DGY.KTGYV..HG...........................NLSD.. GR KQ................G KAAIDDF..........
14_|AFL46505.1|_460                                                             B  B                   B                  I IV....FEDTD..AGFI..NG...........................KAGL..ETR KR................G VGEIAYDKDIQG.....
14_|AJG04842.1|_460                                                             B  B                   B                  I IV....FEDTE..AGFV..NG...........................KTGL..ETR KR................G VGEIAYNKEITG.....
14_|AAD30387.1|_347_2                                                           B  B                   B                  V VV....FNATV..KGFL..MG...........................ALAK..ETG KR................G AGSIEYDEVIRS.....
14_|CAC85704.1|_218                                                             B  B                   B                  I LT....FHLPD..RGFALGNP...........................GGREQVKLA AG................S RALGGLF..........
14_|AAS47565.1|_372                                                             B  B                   B                  V I.....DNDGT.IKGYV..QG...........................MVNQ..RDN IR................G MGAIDDF..........
14_|AEW23439.1|_217                                                             B  B                   B                  V IT....FDIHE..RGFA..LG...........................DCSY..KEA IG................A RGSIHLF..........
14_|CAC60156.1|_431                                                             B  B                   B                 V I VV....FDKTA..QGFA..TG...........................DPNQ.. DV KN................G IGSIQDF..........
14_|AAE10887.1|_429                                                             B  B                   B                  I VV....FDSSA..QGFA..TG...........................ATGL..TDA KN................G EGSINDF..........
14_|AAC00283.1|_213                                                             B  B                   B                 A V IT....FHLKA..TGFA..LG...........................NGES.. QA MH................G AGSSGWKALAP......
14_|CAC60157|_429                                                               B  B                   B                  I VV....FDSSA..QGFA..TG...........................ATGL..TDA KN................G EGSINDF..........
14_|AAD36907|_339                                                               B  B                   B                  I VV....FNPSV..KGFV..MG...........................GYGK..ETK KR................G VGSINYDGKLIKS....
20_|BAA02473.1|_130                                                             B  B                   B                 A  LF.................AT...........................GEIH.. ERFDA................E TRARMLY..........
20_|AAA22622.1|_134                                                             B  B                   B                   MF....AKEEI.....................................SARQ.....FAN................Q MHVLHSY..........
20_|AAC46346.1|_134                                                             B  B                   B                   VF....AQHEIRASQFV...............................GMMT........................H LHSY.............
20_|AAC15072.1|_134                                                             B  B                   B                 A  LF.................AK...........................EDMS.. SEFAD................R MHVLHSY..........
20_|AAF23874.1|_137                                                             B  B                   B                 A M VF.................AD...........................QTIS.. SR AH................R NAHLMNG..........
20_|AAK15003.1|_134                                                             B  B                   B                   MF....AKEEI.....................................GARQ.....FAN................Q VHVLHSY..........
20_|ABJ59624.1|_136                                                             B  B                   B                  L LF.............FK...............................HKLD..GKE SE................H TDQLMMY..........
20_|ABS59068.1|_41                                                              B  B                   B                  I VF....INKKE....RI...............................SPTQ..FDS LA................H RRSY.............
20_|ACC84362.1|_11                                                              B  B                   B                  L IA....AGDRVVLEQVQ..SR...........................DYQP..YPP FA...........AEYATK QEVLQLY..........
20_|BAI67607.1|_9                                                               B  B                   B                 A L LT.................AD...........................GGID.. SA AA................G NALHAEI..........
20_|AFM43699.1|_134                                                             B  B                   B                  I LF....AKEEI.....................................SARQ..FAD MV................R LHSY.............
20_|AHW51935.1|_133                                                             B  B                   B                   LA....LHQQS........SH...........................DAQV........................A TKHLMSY..........
31_|CAA37583.1|_7                                                               B  B                   B                 L L LW..............................................DVKPCS LT KE................N TKWQKA...........
31_|BAA00534.1|_6                                                               B  B                   B                 L   N.......GKWQMKPF...............................DPIA.. KKTMT................RWQTA..............
31_|BAA01368.1|_7                                                               B  B                   B                 L L MD....SGPGG..KWDI...............................RPWS.. AD KK................T TKWQKE...........
31_|BAA11354.1|_6                                                               B  B                   B                 L I  S.....PAGKWALKPF...............................DLVE.. KQ LS................RWQYE..............
31_|AAK27723.1|_24                                                              B  B                   B                 V L MI....DQEGS..KWNT...............................VPFE.. KN RD................R TEQQEA...........
31_|AAV42157.1|_6                                                               B  B                   B                 L L LP....GKEKW.....................................DLKPLD GE KK................V VKWQTKI..........
31_|BAE79634.1|_2                                                               B  B                   B                 L I  Y...........VKEL...............................NVPA.. KT FN................KWQTEL.............
31_|ACM89182.1|_27                                                              B  B                   B                   IK...........PLPLDLPG.....................................FK................R MAGYQTA..........
31_|ACM89183.1|_26                                                              B  B                   B                 A   W.....DDKPWTPADL...............................ETKL.. EQQDA...................................
39_|AAA23205.1|_385                                                             B  B                   B                 A L LILDKSFDDGNVVHNPI..................................D.. AK DQ................R MSIYERY..........
39_|AAA19800.1|_388                                                             B  B                   B                 A L LLIGQSFDDGN..GQH................................NPID.. AK DQ................R MSIYERY..........
39_|BAA05832.1|_475                                                             B  B                   B                 A I LL.....RNGK........................................... EE DA................R TAVREDY..........
39_|AAG44799.1|_479                                                             B  B                   B                 A I LL.....RNGK........................................... EE DA................R TAIREDY..........
39_|ABR26448.1|_397                                                             B  B                   B                 A A LL.....KNGN........................................... EE DK................R TAIREDY..........
39_|ABY95795.1|_385                                                             B  B                   B                 A L LILDKQFDDGN.....VVH.............................NPID.. AK DQ................R MSIYERY..........
39_|ACR15165.1|_384                                                             B  B                   B                 A L LLIGQSFDDGN..GQH................................NPID.. AK DQ................R MSIYERY..........
39_|ACV59878.1|_541                                                             B  B                   B                 A  LF......RGTYNDGNV..QH...........................HAVD.. AGFNQ................E MRLYSEY..........
39_|ADZ99363.1|_550                                                             B  B                   B                 A  LF......RGTYNDGSV..QH...........................HAVD.. AGFNQ................E MRLYSEY..........
39_|AFI70750.1|_397                                                             B  B                   B                 A A LL.....KNGN........................................... EE DK................R TAIREDY..........
41_AHY15164.1|St_iniae_1419                                                      B  B                   B                 I L IF....GNEGE..PAFL..TG...........................GSRS.. NG FS................N KAQPTNF..........
41_AGL48789.1|St_suis_1378                                                      B  B                   B                 V V IY....PNEGQ..PAFI..TG...........................GAKS.. ES FN................N KAQPGNF..........
41_AHY17035.1|St_iniae_1419                                                      B  B                   B                 I L IF....GNEGE..PAFL..TG...........................GSRS.. NG FS................N KAQPTNF..........
41_AGZ24199.1|St_suis_1377                                                      B  B                   B                 V V IY....PNEGQ..PAFI..TG...........................GAKS.. VS FN................N KAQPGNF..........
41_ABP93225.1|St_suis_1252                                                      B  B                   B                 V V IY....PNEGQ..PAFI..TG...........................GAKS.. ES FN................N KAQPGNF..........
41_AER20299.1|St_suis_1389                                                      B  B                   B                 V V IY....PNEGQ..PAFI..TG...........................GAKS.. ES FN................N KAQPGNF..........
41_AER22304.1|St_suis_1385                                                      B  B                   B                 V V IY....PNEGQ..PAFI..TG...........................GAKS.. ES FN................N KAQPGNF..........
41_ADZ83524.1|Cl_lento_920                                                      B  B                   B                  I VS....DGAGK...GFA..TG...........................ATGQ..ESS VE................G KGAINTF..........
41_AGW88268.1|St_suis_1385                                                      B  B                   B                 V V IY....PNEGQ..PAFI..TG...........................GAKS.. ES FN................N KAQPGNF..........
41_AGG65362.1|St_suis_1389                                                      B  B                   B                 V V IY....PNEGQ..PAFI..TG...........................GAKS.. ES FN................N KAQPGNF..........
41_AIQ28595.1|Pa_FSL_723                                                        B  B                   B                 L I IY....GSEGD..PRFI..TG...........................GARP.. TT LN................N KAQPSNI..........
41_ADV71067.1|St_suis_1385                                                      B  B                   B                 V V IY....PNEGQ..PAFI..TG...........................GAKS.. ES FN................N KAQPGNF..........
41_AER16173.1|St_suis_1385                                                      B  B                   B                 V V IY....PNEGQ..PAFI..TG...........................GAKS.. ES FN................N KAQPGNF..........
41_AIQ51763.1|Pa_FSL_716                                                        B  B                   B                 I I IF....GSEGE..PRFI..TG...........................GARS.. AT LN................N KAQPSNI..........
41_CBI13953.1|St_gallo_1441                                                      B  B                   B                 L L IY....PSEGA..AAFI..TG...........................GAKD.. QT FN................N KAQPSNF..........
41_CAZ56775.1|St_suis_1377                                                      B  B                   B                 V V IY....PNEGQ..PAFI..TG...........................GAKS.. ES FN................N KAQPGNF..........
41_AIQ34761.1|Pa_FSL_706                                                        B  B                   B                 I I IY....GSEGQ..PRFI..TG...........................GARP.. TT FN................N KAQPSNT..........
41_AEZ62583.1|St_infan_1443                                                      B  B                   B                 L L IY....PSEGA..PCFI..TG...........................GVKN.. QE FN................S KAQPNNF..........
41_CCF02755.1|St_maced_1180                                                      B  B                   B                 L L IY....PSEGA..AAFI..TG...........................GAKD.. QT FN................N KAQPSNF..........
41_CBZ48657.1|St_gallo_1441                                                      B  B                   B                 L L IY....PSEGA..AAFI..TG...........................GAKD.. QT FN................N KAQPSNF..........
41_AIQ57390.1|Pa_borea_723                                                      B  B                   B                 L I IY....GSEGD..PRFI..TG...........................GARP.. TT LN................N KAQPSNI..........
41_AGI39830.1|C_sterc_1095                                                      B  B                   B                 I I IF....GHEGE..PRFI..TG...........................GARD.. QT FN................N KGQPGNV..........
41_AEB82319.1|St_suis_1385                                                      B  B                   B                 V V IY....PNEGQ..PAFI..TG...........................GAKS.. ES FN................N KAQPGNF..........
41_BAM47868.1|Am_xylan_1322                                                      B  B                   B                 I I LF....GSEGQ..PRFI..TG...........................GARN.. QQ YD................N TANPHNF..........
41_AFR01291.1|St_suis_1385                                                      B  B                   B                 V V IY....PNEGQ..PAFI..TG...........................GAKS.. ES FN................N KAQPGNF..........
41_AGM98096.1|St_iniae_1419                                                      B  B                   B                 I L IF....GNEGE..PAFL..TG...........................GSRS.. NG FS................N KAQPTNF..........
41_ADE32331.1|St_suis_1408                                                      B  B                   B                 V V IY....PNEGQ..PAFI..TG...........................GAKS.. ES FN................N KAQPGNF..........
41_AHF60382.1|St_suis_1385                                                      B  B                   B                 V V IY....PNEGQ..PAFI..TG...........................GAKS.. ES FN................N KAQPGNF..........
41_CAZ52647.1|St_suis_1377                                                      B  B                   B                 V V IY....PNEGQ..PAFI..TG...........................GAKS.. ES FN................N KAQPGNF..........
41_ACX81318.1|St_gallo_1452                                                      B  B                   B                 L L IY....PSEGA..AAFI..TG...........................GAKD.. QT FN................N KAQPSNF..........
41_ABG83674.1|Cl_perfr_883                                                      B  B                   B                  I VS....DGAGQ...GFA..TG...........................ASGK..EGA VA................G KGSVDDF..........
41_AER45198.1|St_suis_1385                                                      B  B                   B                 V V IY....PNEGQ..PAFI..TG...........................GAKS.. ES FN................N KAQPGNF..........
41_BAK28316.1|St_gallo_1441                                                      B  B                   B                 L L IY....PSEGA..AAFI..TG...........................GAKD.. QT FN................N KAQPSNF..........
41_CQR54568.1|Pa_riogr_717                                                      B  B                   B                 I I IY....GSEGE..PRFI..TG...........................GARS.. AA FN................N TARPSNI..........
41_AGX06343.1|Ba_infan_1304                                                      B  B                   B                 L I IF....GSEGE..PRFI..TG...........................GARD.. GV FN................N KGQPSNT..........
41_AIQ22910.1|Pa_FSL_700                                                        B  B                   B                 I I IY....GSEGQ..PRFI..TG...........................GARP.. AT FN................N KAEPSNT..........
41_AIQ67951.1|Pa_grami_717                                                      B  B                   B                 I I IY....GSEGE..PRFI..TG...........................GARS.. AT FN................N TARPSNI..........
41_AIQ16995.1|Pa_FSL_716                                                        B  B                   B                 I I IY....GSEGE..PRFI..TG...........................GARS.. ET LD................N KGQPSNI..........
41_AER18240.1|St_suis_1385                                                      B  B                   B                 V V IY....PNEGQ..PAFI..TG...........................GAKS.. ES FN................N KAQPGNF..........
41_AIQ46154.1|Pa_FSL_716                                                        B  B                   B                 I I IF....GSEGE..PRFI..TG...........................GARS.. AT LN................N KAQPSNI..........
41_AIQ40360.1|Pa_FSL_723                                                        B  B                   B                 L I IY....GSEGD..PRFI..TG...........................GARP.. TT LN................N KAQPSNI..........
41_AIY06268.1|Pl_PAMC_1296                                                      B  B                   B                 V I IF....GSEGE..PRFI..TG...........................GARN.. AT FN................N KGQPSNT..........
X_|AAG31033.1|_152                                                              C  C                   C                 L  IA......RGA.LNGYT...............................ASMK.. AEYYA................G .................
             310       320        330                     340       350       360       370     X   X   X   X   X   X   X
11_|BAA11864.1|_150                             c                                                                        A DEEF DEF DF DEF DFDP INYI H TL LV R......SNKT FAS TS GF Q. SYNQKHNEAN..............KLNNEDGMNENYSWNCGVEGETNDSNILYCREKQR NFV
11_|AAB63356.1|_198                             c                                                                        B KddG KdG KG KdG KGDP INFV H TL DL R......DGRK WHS VA F N. YAYNDKQNNQP............WPYGPSDGGEDHNLSWNQ........GGIVAEQRKAA TGL
11_|AAC76456.1|_136                             c                                                                        B KddG KdG KG KdG KGDP IN V H TL D V L......NGRL SAA L TA F R. C CFNHKHNEAN..............................GEENRDGTNNNYSNNHGKEG GG
11_|BAA29041.1|_152                             c                                                                        B KddG KdG KG KdG KGDP INFV H TL DLV R......GGRK WHS CA F A. TYNKKYNSSN..............GEDNRDGENHNLSWNCGEEGEFAGLSVKRLRKRQM NFF
11_|AAK42273.1|_156                             c                                                                        B KddG KdG KG KdG KGDP INYV H TL DLV R......NNKT FAS TS F E. SYNQKHNEAN..............GFNNQDGMNENYSWNCGAEGPTNDQNVVICREKQK NFM
11_|BAB99500.1|_150                             c                                                                        B KddG KdG KG KdG KGDP INFV H TL DLV R......NGRR TAS TA F N. SYNEKHNMAN..............GEDGRDGESHNRSWNCGVEGPTDDPEIMQLRAQQR NFL
11_|AAM81590.1|_156                             c                                                                        B KddG KdG KG KdG KGDP INYV H TL DLV R......NNKT FAS TS F E. SYNQKHNEAN..............GFNNQDGMNENYSWNCGTEGTTNDQNVIMCREKQK NFM
11_|AAP85534.1|_244                             c                                                                        B KddG KdG KG KdG KGDP INFV H TL DMV R......GGRG HAS AA F A. AYNNKHNEAN..............GENNRDGEQHNNSWNCGEEGPTTKWEVNRLRQRQM NLT
11_sp|P10342|_193                               c                                                                        B KddG KdG KG KdG KGDP INFI H TL DV R......SGRS WNS DV M K. YSCNGANNSQA............WPYGPSDGGTSTNYSWDQGMSAG...TGAAVDQRRAA TGM
12_|AAK74446.1|_586                             c                                                                        B KddG KdG KG KdG KGDP IQYI H N TL DII RL......EADS GDV AA L F. AQSIKKDPSK......................................AENYAEIHRRL GN
12_|AAN00098.1|_611                             c                                                                        B KddG KdG KG KdG KGDP VQYI H N TL DVI RL......EADS GDV AA L H. AKSINKDPKV........................................AEEEIHRRL GN
12+41_|AAS36537.1|_1272                         c                                                                        B KddG KdG KG KdG KGDP VQYI H N TL DVI RV......MADQ GDV EA L Y. AQSIKKDPEI......................................AENDLEIHKRI GN
12_|ACI61883.1|_510                             c                                                                        B KddG KdG KG KdG KGDP VQYI H N TL DVI RL......EADA GDV AA L H. AKSINKDPKV........................................AEEEIHKRI GN
12+41_|CAR47543.1|_1377                         c                                                                        B KddG KdG KG KdG KGDP IQYI H N TL DII RL......LADD GDV AA L F. AQSIKKDPSV......................................TENYTEIHQRQ GN
13_|CAA36431.1|_431                             c                                                                        B KddG KdG KG KdG KGDP VNYV H N TL DMI V.......AAD TEV SK Q W. SYKASQEADL..........................................ATRVRMQA SL
13_|AAA25124.1|_443                             c                                                                        B KddG KdG KG KdG KGDP VNYV H N TL DMI V.......AAD TEV SK Q W. SYKAAQEADL..........................................DTRVRMQA SL
13_|AAD04189.1|_273                             c                                                                        B KddG KdG KG KdG KGDP INYV H N TL DVI HLDGLPVGYTAS IET SA E F. SVKTPMILSV..........................................DERCRIN AS
13_|BAA28632.1|_328                             c                                                                        B KddG KdG KG KdG KGDP INYV H N TL DIV HLDGSPVGYTSS VET SA E F. SIKTPIGLSI..........................................DEKCRIN AS
13_|AAD11599.1|_330                             c                                                                        B KddG KdG KG KdG KGDP INYA H N TL DII HLDGSPVGYASS IET SA E F. SLKTPMDLSI..........................................DERCRIN ST
13_|AAN26412.1|_331                             c                                                                        B KddG KdG KG KdG KGDP INYV H N TL DIV HLGGTPVGYAMQ IET SA E F. SLKTPTYITV..........................................DERCRVN AT
13_|ABL84490.1|_331                             c                                                                        B KddG KdG KG KdG KGDP INYV H N TL DVI HLDGLPVGYTSS IEI SA E F. SVKTPMNLSV..........................................DERCRIN AS
13_|CED95594.1|_470                             c                                                                        B KddG KdG KG KdG KGDP INYV H N TL DIL M.......ALD ADS SK E W. QYKHAIGLSI..........................................ENRVRVQN AA
14_|ACN58254.1|_339                             c                                                                        B KddG KdG KG KdG KGDP INYV H N TL D L......FASD EET AC H W. KNYLAAKADKRK......................................KWTEEELKNAQ SG
14_|BAB62095.1|_218                             c                                                                        B KddG KdG KG KdG KGDP INYV H N T D M L........CH RQS EC H FW. K EAANHDEPEW...........................................LRRKRQ AT
14_|AAD30387.1|_347                             c                                                                        B KddG KdG KG KdG KGDP INYV H N TL D L......FAKD QET EV H W. KNYLAAQADTTV......................................KWTEEMLKDAQ AG
14_|BAF93906.1|_464                             c                                                                        B KddG KdG KG KdG KGDP INYV H S TL D L L......AFLT SQS EC F N. S WSADPNDSVA...........................................THQARVT AN
14_|AAY89038.1|_1075                            c                                                                        B KddG KdG KG KdG KGDVQYV H N TL D L LNGTADTNYGGADQV EI L Y. K VKSAPNDSEE...........................................TRLARA AD
14_|AAB06264.1|_330                             c                                                                        B KddG KdG KG KdG KGDP VNYV H N TL D L RL.......AKE DEC SC L F. K QKTMVGEDIF...........................................WIDRAT AN
14_|AFL46505.1|_460                             c                                                                        B KddG KdG KG KdG KGDP ITYV H N TL D L RL......FTQE DQA EA H W. K NLTNPQDNDA...........................................TKTKMH AS
14_|AJG04842.1|_460                             c                                                                        B KddG KdG KG KdG KGDP ITYV H N TL D L RL......FTAE DQA EA H W. K NLTNPQDTDA...........................................TKTKMH AS
14_|AAD30387.1|_347_2                           c                                                                        B KddG KdG KG KdG KGDP INYV H N TL D L......FAKD QET EV H W. KNYLAAQADTTV......................................KWTEEMLKDAQ AG
14_|CAC85704.1|_218                             c                                                                        B KddG KdG KG KdG KGDP INYV H N T D M L........CH RQS EC H FW. K EAANHDEPEW...........................................LRRKRQ AT
14_|AAS47565.1|_372                             c                                                                        B KddG KdG KG KdG KGDP I YV H N TL D I L.......AQE TES V SC L W. K EKSNPNDSEE...........................................DRIRMNL AN
14_|AEW23439.1|_217                             c                                                                        B KddG KdG KG KdG KGDP VNYV H N TL D M L........FS RQS EC H W. K AVANAHESEY...........................................IRRKRQ AT
14_|CAC60156.1|_431                             c                                                                        B KddG KdG KG KdG KGDP INYV H N TL D I L.......TSA SET TS M W. K LASNPSDTEA...........................................DRIKMDE AH
14_|AAE10887.1|_429                             c                                                                        B KddG KdG KG KdG KGDP INYV H N TL D I L.......TSS GET TS Y W. K ALSNPNDSEA...........................................DRIKMDE AQ
14_|AAC00283.1|_213                             c                                                                        B KddG KdG KG KdG KGDP INYV H N T D M RL......IVPE SQS ES H FW. K SFALPQENDS...........................................RKRSRQ AV
14_|CAC60157|_429                               c                                                                        B KddG KdG KG KdG KGDP INYV H N TL D I L.......TSS GET TS Y W. K ALSNPNDSEA...........................................DRIKMDE AQ
14_|AAD36907|_339                               c                                                                        B KddG KdG KG KdG KGDP INYA H N TL D L......FALD EET AC H W. KNYLAAKADKKK......................................EWTEEELKNAQ AG
20_|BAA02473.1|_130                             c                                                                        B KddG KdG KG KdG KGDN L H T RL......PEQAAQGLW L DS ERFL.TSCGGN....................................................EAKF AV
20_|AAA22622.1|_134                             c                                                                        B KddG KdG KG KdG KGDN L H T I V L......PNNVNEAAF L GS SR L.T CGGDI....................................................RKV LF
20_|AAC46346.1|_134                             c                                                                        B KddG KdG KG KdG KGDN L H T L L L......PTNVNEVAF L GS PR L.T CKEDV....................................................RKA SF
20_|AAC15072.1|_134                             c                                                                        B KddG KdG KG KdG KGDN L H T L V L......PKQVNEAAF L GS PR L.T CGGDV....................................................RKV LF
20_|AAF23874.1|_137                             c                                                                        B KddG KdG KG KdG KGDN L H T L......MKQANEVMF L DS KR L.TRCRNDEKKARAL....................................................L
20_|AAK15003.1|_134                             c                                                                        B KddG KdG KG KdG KGDN L H T I V L......PNNVNEAAF L GS SR L.T CGGDI....................................................RKV LF
20_|ABJ59624.1|_136                             c                                                                        B KddG KdG KG KdG KGDMN L H T I LA......PDIVNQAM M DS AR L.T NGNQDLALQA....................................................I
20_|ABS59068.1|_41                              c                                                                        B KddG KdG KG KdG KGDN I H T L MI L......PAEVNYGLQ L DS DR P.S INPDRRYDAE...........................NSPRWNPNYDVRKPTAEEIRRQ IV
20_|ACC84362.1|_11                              c                                                                        B KddG KdG KG KdG KGDLN L H T L IA L......PWEIQLTQ L AS AR M.T GGDIAS....................................................VE ST
20_|BAI67607.1|_9                               c                                                                        B KddG KdG KG KdG KGDLN L H T V L......PAGFHRGM L GS ER L.......TRHAGDV..............................................EAAL SY
20_|AFM43699.1|_134                             c                                                                        B KddG KdG KG KdG KGDN L H T L I L......PKHVNEAAF L GS PR L.T CGDDV....................................................RKA LF
20_|AHW51935.1|_133                             c                                                                        B KddG KdG KG KdG KGDN L H T I L......PASVNAVQF M DS AR L.....TTSKENKAL................................................V QY
31_|CAA37583.1|_7                               c                                                                        B KddG KdG KG KdG KGDG L Y H Q V M......LEHT WNS . WNN PR V.SRFGNDGMYRIES................................................A LA
31_|BAA00534.1|_6                               c                                                                        B KddG KdG KG KdG KGDG L Y H Q V I......LMNV WNT . FEN PR I...SAGAMTRELRK.............................................QSRQS SN
31_|BAA01368.1|_7                               c                                                                        B KddG KdG KG KdG KGDG L YL H Q A M......LEGK WNS . NN PR V.SRFGDDGKYRVES................................................A LA
31_|BAA11354.1|_6                               c                                                                        B KddG KdG KG KdG KGDG L Y H Q V A......LADT WNA . FEN AR V.SRWGNDTTYRAEC................................................A FA
31_|AAK27723.1|_24                              c                                                                        B KddG KdG KG KdG KGDG L F H Q V A......VRKA WAS . FCN PR V.SRWGNDSDRDSRE..............................................LSA FG
31_|AAV42157.1|_6                               c                                                                        B KddG KdG KG KdG KGDL F H V M......DFDHAWNS . WEN IPR I.SRWGNDQEYRVQC................................................A FA
31_|BAE79634.1|_2                               c                                                                        B KddG KdG KG KdG KGDG L F H V I A......ELGQ WNS . WNN LPR L.S WGNTGKYREKS................................................A LA
31_|ACM89182.1|_27                              c                                                                        B KddG KdG KG KdG KGDG L F H Q V A......VENV WAS . TGN PR V.SRWGDDSSEESRV..............................................RSA LG
31_|ACM89183.1|_26                              c                                                                        B KddG KdG KG KdG KGDG L FL H Q V A......IARR WAS . DN PR V.SRWGDDTSKTGRI..............................................RSA LA
39_|AAA23205.1|_385                             c                                                                        B KddG KdG KG KdG KGDMN L H T I V L......PLPVFYST L GS MR L.T FGYNSADENQN.....................................SQAAKDLAVKRL AA
39_|AAA19800.1|_388                             c                                                                        B KddG KdG KG KdG KGDMN L H T SI V L......PLPAFYST L GS M L.T FGYNSADPNEN.....................................SDAAKRLAEQKL AT
39_|BAA05832.1|_475                             c                                                                        B KddG KdG KG KdG KGDMN I H T A LL V......PEEAFYAL L GS AR I.F GNGTDSYERA..................................ELDPNYNEQLGKQRS AV
39_|AAG44799.1|_479                             c                                                                        B KddG KdG KG KdG KGDMN I H T A LL L......PEEAFYAL L GS AR V.F GNGTDSYERA..................................ELDPNYNEQLGKKRL AA
39_|ABR26448.1|_397                             c                                                                        B KddG KdG KG KdG KGDMN I H T A LL L......PSEAFYAL L GS AR V.F GNGTDSSERA..................................ELDPNYNEELGKKRL AA
39_|ABY95795.1|_385                             c                                                                        B KddG KdG KG KdG KGDMN L H T I V L......PLPVFYST L GS MR L.T FGYNSANENQN.....................................SQEAKDLAVKRL AA
39_|ACR15165.1|_384                             c                                                                        B KddG KdG KG KdG KGDMN L H T I V L......PLPAFYST L GS MR L.T FGYNSADPNEN.....................................SDAAKQLAEQKL AT
39_|ACV59878.1|_541                             c                                                                        B KddG KdG KG KdG KGDMN V  T I IL L......PLQSFYSM L DSQ MR L.T ENAPQPGDLS............................ALQQDEYRPSPAAEQLGIERL VS
39_|ADZ99363.1|_550                             c                                                                        B KddG KdG KG KdG KGDMN V  T I VL L......PLQSFYAM L DSQ MR L.T ENAPEPGSMS............................ALQQATYQPTATDQQLGIKRLE VS
39_|AFI70750.1|_397                             c                                                                        B KddG KdG KG KdG KGDMN I H T A LL L......PSEAFYAL L GS AR V.F GNGTDSSERA..................................ELDPNYNEELGKKRL AV
41_AHY15164.1|St_iniae_1419                      c                                                                        B KddG KdG KG KdG KGDP IQYI H N TL DII RL......TADD GDV AA L F. AQSIKKDPAR......................................AENYAEIHRRL GN
41_AGL48789.1|St_suis_1378                      c                                                                        B KddG KdG KG KdG KGDP IQYI H N TL DII RL......LADD GDV AA L F. AQSIKKDPSV......................................AENYTEIHQRQ GN
41_AHY17035.1|St_iniae_1419                      c                                                                        B KddG KdG KG KdG KGDP IQYI H N TL DII RL......TADD GDV AA L F. AQSIKKDPAR......................................AENYAEIHRRL GN
41_AGZ24199.1|St_suis_1377                      c                                                                        B KddG KdG KG KdG KGDP IQYI H N TL DII RL......LADD GDV AA L F. AQSIKKDPSV......................................AENYTEIHQRQ GN
41_ABP93225.1|St_suis_1252                      c                                                                        B KddG KdG KG KdG KGDP IQYI H N TL DII RL......LADD GDV AA L F. AQSIKKDPSV......................................TENYTEIHQRQ GN
41_AER20299.1|St_suis_1389                      c                                                                        B KddG KdG KG KdG KGDP IQYI H N TL DII RL......LADD GDV AA L F. AQSIKKDPSI......................................AENYTEIHQRQ GN
41_AER22304.1|St_suis_1385                      c                                                                        B KddG KdG KG KdG KGDP IQYI H N TL DII RL......LADD GDV AA L F. AQSIKKDPSI......................................AENYTEIHQRQ GN
41_ADZ83524.1|Cl_lento_920                      c                                                                        B KddG KdG KG KdG KGDP VSYV H N NL D V L.......ATN TEV TA L W. K LATMGLDAKT...............................PYASITGNVLENEAVKRSI AN
41_AGW88268.1|St_suis_1385                      c                                                                        B KddG KdG KG KdG KGDP IQYI H N TL DII RL......LADD GDV AA L F. AQSIKKDPSI......................................AENYTEIHQRQ GN
41_AGG65362.1|St_suis_1389                      c                                                                        B KddG KdG KG KdG KGDP IQYI H N TL DII RL......LADD GDV AA L F. AQSIKKDPSV......................................TENYTEIHQRQ GN
41_AIQ28595.1|Pa_FSL_723                        c                                                                        B KddG KdG KG KdG KGDP VQYI H N TL DVI RL......PADD GDI EA L H. ALALHKNPQN......................................AANELEIQKRI GN
41_ADV71067.1|St_suis_1385                      c                                                                        B KddG KdG KG KdG KGDP IQYI H N TL DII RL......LADD GDV AA L F. AQSIKKDPSV......................................TENYTEIHQRQ GN
41_AER16173.1|St_suis_1385                      c                                                                        B KddG KdG KG KdG KGDP IQYI H N TL DII RL......LADD GDV AA L F. AQSIKKDPSV......................................TENYTEIHQRQ GN
41_AIQ51763.1|Pa_FSL_716                        c                                                                        B KddG KdG KG KdG KGDP V YI H N TL DVI RL......PADD GDV P EA L H. AQSIKKDPAI......................................PANELEIQQRI GN
41_CBI13953.1|St_gallo_1441                      c                                                                        B KddG KdG KG KdG KGDP IQYI H N TL DVI RL......TADD GDV AA L H. AKSIQKDPAV......................................AENEAEIQRRL GN
41_CAZ56775.1|St_suis_1377                      c                                                                        B KddG KdG KG KdG KGDP IQYI H N TL DII RL......LADD GDV AA L F. AQSIKKDPSV......................................TENYTEIHQRQ GN
41_AIQ34761.1|Pa_FSL_706                        c                                                                        B KddG KdG KG KdG KGDP V YI H N TL DVI RL......PADD GDI P EA L H. AQTIKKDPTI......................................TENELEIQKRI GN
41_AEZ62583.1|St_infan_1443                      c                                                                        B KddG KdG KG KdG KGDP IQYI H N TL DII RL......TADD GDV AA L H. AKSIHKDPSV......................................AENEAEILRRQ GN
41_CCF02755.1|St_maced_1180                      c                                                                        B KddG KdG KG KdG KGDIQYI H N TL DVI RL......TADDTGDV AA L H. AKSIQKDPAV......................................AENEAEIQRRL GN
41_CBZ48657.1|St_gallo_1441                      c                                                                        B KddG KdG KG KdG KGDP IQYI H N TL DVI RL......TADD GDV AA L H. AKSIQKDPAV......................................AENEAEIQRRL GN
41_AIQ57390.1|Pa_borea_723                      c                                                                        B KddG KdG KG KdG KGDP VQYI H N TL DVI RL......PADD GDI EA L H. ALALHKNPQN......................................AGNELEIQKRI GN
41_AGI39830.1|C_sterc_1095                      c                                                                        B KddG KdG KG KdG KGDP VQYI H N TL DVI RL......KADN GDV EC L Y. ALSIKKDPSK......................................PENDLEIHKRI GN
41_AEB82319.1|St_suis_1385                      c                                                                        B KddG KdG KG KdG KGDP IQYI H N TL DII RL......LADD GDV AA L F. AQSIKKDPSI......................................AENYTEIHQRQ GN
41_BAM47868.1|Am_xylan_1322                      c                                                                        B KddG KdG KG KdG KGDP V YI H N TL DVI RL......KADD GDV P AA L H. AQSIKKDPKD........................................HAEEIHQRI GN
41_AFR01291.1|St_suis_1385                      c                                                                        B KddG KdG KG KdG KGDP IQYI H N TL DII RL......LADD GDV AA L F. AQSIKKDPSV......................................TENYTEIHQRQ GN
41_AGM98096.1|St_iniae_1419                      c                                                                        B KddG KdG KG KdG KGDP IQYI H N TL DII RL......TADD GDV AA L F. AQSIKKDPAR......................................AENYAEIHRRL GN
41_ADE32331.1|St_suis_1408                      c                                                                        B KddG KdG KG KdG KGDP IQYI H N TL DII RL......LADD GDV AA L F. AQSIKKDPSV......................................TENYTEIHQRQ GN
41_AHF60382.1|St_suis_1385                      c                                                                        B KddG KdG KG KdG KGDP IQYI H N TL DII RL......LADD GDV AA L F. AQSIKKDPSI......................................AENYTEIHQRQ GN
41_CAZ52647.1|St_suis_1377                      c                                                                        B KddG KdG KG KdG KGDP IQYI H N TL DII RL......LADD GDV AA L F. AQSIKKDPSV......................................TENYTEIHQRQ GN
41_ACX81318.1|St_gallo_1452                      c                                                                        B KddG KdG KG KdG KGDP IQYI H N TL DVI RL......TADD GDV AA L H. AKSIQKDPAV......................................AENEAEIQRRL GN
41_ABG83674.1|Cl_perfr_883                      c                                                                        B KddG KdG KG KdG KGDP INYV H N NL D I L.......TDS SET TA L W. K IKAAGKEKAAGFLEMRDGVLTGEDANKYSSVQEAVNKKAKPYSVITETNPLDNEYVRRSI TT
41_AER45198.1|St_suis_1385                      c                                                                        B KddG KdG KG KdG KGDP IQYI H N TL DII RL......LADD GDV AA L F. AQSIKKDPSV......................................TENYTEIHQRQ GN
41_BAK28316.1|St_gallo_1441                      c                                                                        B KddG KdG KG KdG KGDP IQYI H N TL DVI RL......TADD GDV AA L H. AKSIQKDPAV......................................AENEAEIQRRL GN
41_CQR54568.1|Pa_riogr_717                      c                                                                        B KddG KdG KG KdG KGDP V YI H N TL DVI RL......PADD GDV P EA L H. AQTIKKDPSI......................................PANELEIQQRI GN
41_AGX06343.1|Ba_infan_1304                      c                                                                        B KddG KdG KG KdG KGDP VQYI H N L DVI RL......ADDD GDM EA LP Y. AQSIKKDPAI......................................PENNLEIHKRI GN
41_AIQ22910.1|Pa_FSL_700                        c                                                                        B KddG KdG KG KdG KGDP V YI H N TL DVI RL......PADD GDI P EA L H. AQTIKKDPAI......................................EKNELEIQKRI GN
41_AIQ67951.1|Pa_grami_717                      c                                                                        B KddG KdG KG KdG KGDP V YI H N TL DVI RL......PADD GDV P EA L H. AQTIKKDPSI......................................PANELEIQKRI GN
41_AIQ16995.1|Pa_FSL_716                        c                                                                        B KddG KdG KG KdG KGDP V YI H N TL DVI RL......PADD GDI P EA L H. AQSIKKDPAI......................................PGNELEIQKRI GN
41_AER18240.1|St_suis_1385                      c                                                                        B KddG KdG KG KdG KGDP IQYI H N TL DII RL......LADD GDV AA L F. AQSIKKDPSI......................................AENYTEIHQRQ GN
41_AIQ46154.1|Pa_FSL_716                        c                                                                        B KddG KdG KG KdG KGDP V YI H N TL DVI RI......PADD GDV P EA L H. AQSIKKDPAI......................................PANELEIQQRI GN
41_AIQ40360.1|Pa_FSL_723                        c                                                                        B KddG KdG KG KdG KGDP VQYI H N TL DVI RL......PADD GDI EA L H. ALALHKNPQN......................................PANELEIQKRI GN
41_AIY06268.1|Pl_PAMC_1296                      c                                                                        B KddG KdG KG KdG KGDP VQYI H N L DVI RI......AADD GDM AA LP Y. AQSIKKDPAI......................................PENNLEIHKRI GN
X_|AAG31033.1|_152                              c                                                                        C JIIH JIH JH JIH JHDN I H T V DL KL......GVNVAGMGF GS SR LT GGGGLNSTPSN...........................................ESIARL LS
                    380       390                                                               X   X
11_|BAA11864.1|_150                               c      c                                                               DF DF DF DF A A DEFG GI L Q I  E GRTT................ VS IPM LG D I ................QKGNN....................................
11_|AAB63356.1|_198                               c      c                                                               KG KG KG KG B B KdGGAL LM  I  E RT................ LSA VPM TG D AL ................QFGNN....................................
11_|AAC76456.1|_136                               c      c                                                               KG KG KG KG B B KdGGL LL Q L  E GHSS DLVERRRDSIHALLTT LS TPM LA D H ................QHGNN....................................
11_|BAA29041.1|_152                               c      c                                                               KG KG KG KG B B KdGGV LM Q  E GHTS................ VS VPMFYM D Y ................KGGNN....................................
11_|AAK42273.1|_156                               c      c                                                               KG KG KG KG B B KdGGI LL Q I  E RTT................ VS TPM LG D LS ................QRGNN....................................
11_|BAB99500.1|_150                               c      c                                                               KG KG KG KG B B KdGGLL Q L  E RTTT................ LS TPM SH D MA ................QNGNN....................................
11_|AAM81590.1|_156                               c      c                                                               KG KG KG KG B B KdGGI LL Q I  E RTT................ VS TPM LG D LS ................QRGNN....................................
11_|AAP85534.1|_244                               c      c                                                               KG KG KG KG B B KdGGA LL  I  E GHSG ................ LSC VPM NM D Y ................KNGNN....................................
11_sp|P10342|_193                                 c      c                                                               KG KG KG KG B B KdGGA M  M  E RTF................E LSA TPL QG D YL ................LQCNN....................................
12_|AAK74446.1|_586                               c      c                                                               KG KG KG KG B B KdGGLM VL Q FI  E GRT................ TA TP HS Q Y ................KQFRD..PAYKTPVAEDKVPNKSHLLRDKDGNPFDYPYFIH
12_|AAN00098.1|_611                               c      c                                                               KG KG KG KG B B KdGGVM IL Q FI  E GRT................ TS TA HS Q Y ................KRLLN..PDYMTKVSDDKLPNKATLIEAVK....EYPYFIH
12+41_|AAS36537.1|_1272                           c      c                                                               KG KG KG KG B B KdGGAM VL Q FL  E GRT................ TS TA HA Q F ................KQWRA.........PATEAPYKSTYMTDADGNPFVYPYFIH
12_|ACI61883.1|_510                               c      c                                                               KG KG KG KG B B KdGGM IL Q FI  E GRTT ................ TA TA HS Q Y ................KQLLN..PDYKTKVSDDKVPNKATLIDAVA....QYPYFIH
12+41_|CAR47543.1|_1377                           c      c                                                               KG KG KG KG B B KdGGLL VL Q FI  E GRT................ TA TP HS Q Y ................KQFRH..PDYKEPVTEDKVPNKAHLLTNADGTPFDYPYYIH
13_|CAA36431.1|_431                               c      c                                                               KG KG KG KG B B KdGGA VM Q F  E RST................ LG IA DQQ S LL ................KSFTR....................................
13_|AAA25124.1|_443                               c      c                                                               KG KG KG KG B B KdGGA VM Q F  E RST................ LG IA DQQ S LV ................KSFTR....................................
13_|AAD04189.1|_273                               c      c                                                               KG KG KG KG B B KdGGM MA Q F  E RSS ................ LS IP FHA D IL ................KSIDR....................................
13_|BAA28632.1|_328                               c      c                                                               KG KG KG KG B B KdGGM IA Q F  E RSS ................ LS IP FHA D IL ................KSLDR....................................
13_|AAD11599.1|_330                               c      c                                                               KG KG KG KG B B KdGGM IA Q F  E RSS ................ LS IP FHA D IL ................KSLDR....................................
13_|AAN26412.1|_331                               c      c                                                               KG KG KG KG B B KdGGI LA Q F  E RSS ................ LS IP FHA D LL ................KSLDR....................................
13_|ABL84490.1|_331                               c      c                                                               KG KG KG KG B B KdGGM MA Q F  E RSS ................ LS IP FHA D IL ................KSIDR....................................
13_|CED95594.1|_470                               c      c                                                               KG KG KG KG B B KdGGI L Q FL  D RSS ................P LS VP QM G LL ................RSMDR....................................
14_|ACN58254.1|_339                               c      c                                                               KG KG KG KG B B KdGGAI IL Q FL  D RT................ TS VA HG Q FC ................KNFND....................................
14_|BAB62095.1|_218                               c      c                                                               KG KG KG KG B B KdGGAI VL Q FL  E RT................ LA IP HS Q FY ................KGGDG....................................
14_|AAD30387.1|_347                               c      c                                                               KG KG KG KG B B KdGGAI LL Q FL  D RT................ TS IP HA Q FA ................KKFDE....................................
14_|BAF93906.1|_464                               c      c                                                               KG KG KG KG B B KdGGA I N FM  E ST................N LA VT ET Q FDQ ................KLVNP..SNLMPLSPTQTQAYQSGSMEKPAWYPASW.DTAK
14_|AAY89038.1|_1075                              c      c                                                               KG KG KG KG B B KdGGL IL Q M  E RTS ................ LS IAD QF Q FL ................KGGNG....................................
14_|AAB06264.1|_330                               c      c                                                               KG KG KG KG B B KdGGAI VL Q FL  E RS................ TS VA HG V FN ................KGGHP....................................
14_|AFL46505.1|_460                               c      c                                                               KG KG KG KG B B KdGGI LL Q FI  D RTS ................ TS TT HA Q FM ................KGGDH....................................
14_|AJG04842.1|_460                               c      c                                                               KG KG KG KG B B KdGGI LL Q FI  D RTS ................ TS TT HA Q FM ................KGGDH....................................
14_|AAD30387.1|_347_2                             c      c                                                               KG KG KG KG B B KdGGAI LL Q FL  D RT................ TS IP HA Q FA ................KKFDE....................................
14_|CAC85704.1|_218                               c      c                                                               KG KG KG KG B B KdGGAI VL Q FL  E RT................ LA IP HS Q FY ................KGGDG....................................
14_|AAS47565.1|_372                               c      c                                                               KG KG KG KG B B KdGGAI VL Q FL  E RT................ TS VP HG V MM ................KYGDH....................................
14_|AEW23439.1|_217                               c      c                                                               KG KG KG KG B B KdGGAI VL Q FL  E RT................ LS IP HS Q FY ................KKGVE....................................
14_|CAC60156.1|_431                               c      c                                                               KG KG KG KG B B KdGGAV V Q FM  E RT................ FTS VP QG E ML ................KGGND....................................
14_|AAE10887.1|_429                               c      c                                                               KG KG KG KG B B KdGGAV VM Q FM  E R................ TS VP QG E ML X................KGGND....................................
14_|AAC00283.1|_213                               c      c                                                               KG KG KG KG B B KdGGAI IL Q FI  E RT................ LA VP HS Q FF ................KQGVE....................................
14_|CAC60157|_429                                 c      c                                                               KG KG KG KG B B KdGGAV VM Q FM  E RT................ TS VP QG E ML ................KGGND....................................
14_|AAD36907|_339                                 c      c                                                               KG KG KG KG B B KdGGAI LL Q FL  D RT................ TS VP HG Q FC ................KNFND....................................
20_|BAA02473.1|_130                               c      c                                                               KG KG KG KG B B KdGGL M  I  E GF................Q TYL TPL YY D I MA..................GAT....................................
20_|AAA22622.1|_134                               c      c                                                               KG KG KG KG B B KdGGL L T I  E G TF................Q TF SPC YY D I M ..................GGN....................................
20_|AAC46346.1|_134                               c      c                                                               KG KG KG KG B B KdGGL L T I  E G TF................Q SF TPC YY D I I ..................GDQ....................................
20_|AAC15072.1|_134                               c      c                                                               KG KG KG KG B B KdGGL L T I  E G TF................Q TF SPC YY D I M ..................GGN....................................
20_|AAF23874.1|_137                               c      c                                                               KG KG KG KG B B KdGGA M T I  E GF................ FAQ SPC YY T I LD..................GEN....................................
20_|AAK15003.1|_134                               c      c                                                               KG KG KG KG B B KdGGL L T I  E G TF................Q TF SPC YY D I M ..................GGN....................................
20_|ABJ59624.1|_136                               c      c                                                               KG KG KG KG B B KdGGA  I  E G SY................EFVQP IPC YY T M M ..................GDN....................................
20_|ABS59068.1|_41                                c      c                                                               KG KG KG KG B B KdGGL L  I  E GF................Q TYV APM YY S A MW................G..AD..D.................................
20_|ACC84362.1|_11                                c      c                                                               KG KG KG KG B B KdGGLL LL  I  E G................ TFP APS YY D V LP..................GGI....................................
20_|BAI67607.1|_9                                 c      c                                                               KG KG KG KG B B KdGGAL L  V  E G T................ FSLE APM YY D V L ..................GDN....................................
20_|AFM43699.1|_134                               c      c                                                               KG KG KG KG B B KdGGL L T I  E G TF................Q TF SPC YY D I M ..................GGN....................................
20_|AHW51935.1|_133                               c      c                                                               KG KG KG KG B B KdGGAL L  I  E G................ FSFP SPC YY D I MA..................GEN....................................
31_|CAA37583.1|_7                                 c      c                                                               KG KG KG KG B B KdGGV L  YI  E G TT ................ HMM TP YQ E I M ................NVRFESIDEYRDIETLNMYKEKVMERGEDIEKVMQSIYIKG
31_|BAA00534.1|_6                                 c      c                                                               KG KG KG KG B B KdGGA  FI  E G TS.................S RHE NP YQ E I M ................NSEMP...LEMYDDLEIKNAYRELVIENKTMTEEDFRKAVA
31_|BAA01368.1|_7                                 c      c                                                               KG KG KG KG B B KdGGL Q YI  E G TTF................ HMM TP YQ E I M ................NVRFPSIEDYRDIETLNMYKERVEEYGEDPQEVMEKIYYKG
31_|BAA11354.1|_6                                 c      c                                                               KG KG KG KG B B KdGGI L  FI  E GT ................ HGL TP YQ E I MV................NADLE...LEEYDDIEIRNAYQELVMENQIMSKDEFLTAVR
31_|AAK27723.1|_24                                c      c                                                               KG KG KG KG B B KdGGMV L  YI  E G T................ HMHR TP YE E L M NAHFTKLEQYRDLEALNGYRQRVEEAKCQSSESMMAALALIGRDNARTPMQWDASKY
31_|AAV42157.1|_6                                 c      c                                                               KG KG KG KG B B KdGGII L  YI  E G T................ HMMH TP FN E I M ............NCPVKNIDE.........VEDIESINMYNERLAEGYDEEELIHAI
31_|BAE79634.1|_2                                 c      c                                                               KG KG KG KG B B KdGGIL L  YI  E G T................ HLMR TP YQ E I M ...............NYPFKD..LNE....LDDIESLNYAKEAFTNGKSMETIMDSI
31_|ACM89182.1|_27                                c      c                                                               KG KG KG KG B B KdGGLM L  YV  E G T................ HMHR TP YQ E L M NAHFTSLDQYRDLESLNAYRQRVEEAKVQSPESMLAGIAARGRDNSRTPMQWDGSAY
31_|ACM89183.1|_26                                c      c                                                               KG KG KG KG B B KdGGLL L  YV  E G T................ HMHR TP YQ E L M NAHFTSLDQYRDLESINAYHQRVEETGIRTSETMMRSLARYGRDNARTPMQWDDSTY
39_|AAA23205.1|_385                               c      c                                                               KG KG KG KG B B KdGGIL M  I  E G S................Q GYP MPS YY D A Q ..................GGK....................................
39_|AAA19800.1|_388                               c      c                                                               KG KG KG KG B B KdGGIL M  I  E G S................Q GYP MAD YY D A V ..................GGK....................................
39_|BAA05832.1|_475                               c      c                                                               KG KG KG KG B B KdGGI M  I  E G TF................Q GYP APT YY D A V ..................GSK....................................
39_|AAG44799.1|_479                               c      c                                                               KG KG KG KG B B KdGGIL M  I  E G T................Q GYP APT YY D A V ..................GSK....................................
39_|ABR26448.1|_397                               c      c                                                               KG KG KG KG B B KdGGIL M  I  E G T................Q GYP APT YY D A V ..................GSK....................................
39_|ABY95795.1|_385                               c      c                                                               KG KG KG KG B B KdGGIL M  I  E G S................Q GYP MPS YY D A Q ..................GGK....................................
39_|ACR15165.1|_384                               c      c                                                               KG KG KG KG B B KdGGIL M  I  E G S................Q GYP MAD YY D A V ..................GGK....................................
39_|ACV59878.1|_541                               c      c                                                               KG KG KG KG B B KdGG I  E G TDF................QFSFP DPT FY D A L .........................................................
39_|ADZ99363.1|_550                               c      c                                                               KG KG KG KG B B KdGGL  I  E G SD ................QFGFP DPT WY D A V .........................................................
39_|AFI70750.1|_397                               c      c                                                               KG KG KG KG B B KdGGIL M  I  E G T................Q GYP APT YY D A V ..................GSR....................................
41_AHY15164.1|St_iniae_1419                        c      c                                                               KG KG KG KG B B KdGGLM IM Q FV  E GRS................ TS TA HS Q Y ................KQFRD..DAYKKPVASDKVPNKAHLLVNADGTPFEYPYFIH
41_AGL48789.1|St_suis_1378                        c      c                                                               KG KG KG KG B B KdGGLL VL Q FI  E GRT................ TA TP HS Q Y ................KQFRH..PDYKNPVTEDKVPNKAHLLTNADGTPFDYPYYIH
41_AHY17035.1|St_iniae_1419                        c      c                                                               KG KG KG KG B B KdGGLM IM Q FV  E GRS................ TS TA HS Q Y ................KQFRD..DAYKKPVASDKVPNKAHLLVNADGTPFEYPYFIH
41_AGZ24199.1|St_suis_1377                        c      c                                                               KG KG KG KG B B KdGGLL VL Q FI  E GRT................ TA TP HS Q Y ................KQFRH..PDYKEPVSEDKVPNKAHLLTNADGTPFDYPYYIH
41_ABP93225.1|St_suis_1252                        c      c                                                               KG KG KG KG B B KdGGLL VL Q FI  E GRT................ TA TP HS Q Y ................KQFRH..PDYKEPVTEDKVPNKAHLLTNADGTPFDYPYYIH
41_AER20299.1|St_suis_1389                        c      c                                                               KG KG KG KG B B KdGGLL VL Q FI  E GRT................ TA TP HS Q Y ................KQFRH..PDYKEPVSEDKVPNKAHLLTNADGTPFDYPYYIH
41_AER22304.1|St_suis_1385                        c      c                                                               KG KG KG KG B B KdGGLL VL Q FI  E GRT................ TA TP HS Q Y ................KQFRH..PDYKEPVTEDKVPNKAHLLTNADGTPFDYPYYIH
41_ADZ83524.1|Cl_lento_920                        c      c                                                               KG KG KG KG B B KdGGI AL Q FI  E RTG ................ TS TS HA E FL ................KYGDH....................................
41_AGW88268.1|St_suis_1385                        c      c                                                               KG KG KG KG B B KdGGLL VL Q FI  E GRT................ TA TP HS Q Y ................KQFRH..PDYKEPVSEDKVPNKAHLLTNADGTPFDYPYYIH
41_AGG65362.1|St_suis_1389                        c      c                                                               KG KG KG KG B B KdGGLL VL Q FI  E GRT................ TA TP HS Q Y ................KQFRH..PDYKEPVTEDKVPNKAHLLTNADGTPFDYPYYIH
41_AIQ28595.1|Pa_FSL_723                          c      c                                                               KG KG KG KG B B KdGGML LL Q FL  E GRT................ TS TA QA Q Y ................KQWLA..........TGIPEQKYTEVRDAADQSVSY..FIN
41_ADV71067.1|St_suis_1385                        c      c                                                               KG KG KG KG B B KdGGLL VL Q FI  E GRT................ TA TP HS Q Y ................KQFRH..PDYKEPVTEDKVPNKAHLLTNADGTPFDYPYYIH
41_AER16173.1|St_suis_1385                        c      c                                                               KG KG KG KG B B KdGGLL VL Q FI  E GRT................ TA TP HS Q Y ................KQFRH..PDYKEPVTEDKVPNKAHLLTNADGTPFDYPYYIH
41_AIQ51763.1|Pa_FSL_716                          c      c                                                               KG KG KG KG B B KdGGL L Q FM  E GRTT ................E TS TA QA Q Y ................KQWLG..........TNVPEQKYTEMKDLNGQSFGY..FIH
41_CBI13953.1|St_gallo_1441                        c      c                                                               KG KG KG KG B B KdGGLI VL Q FI  E GRT................ TS TA HS Q Y ................KQFLD..ENYKTPVSADKVPAKSDLLTNADGTPFEYPYFIS
41_CAZ56775.1|St_suis_1377                        c      c                                                               KG KG KG KG B B KdGGLL VL Q FI  E GRT................ TA TP HS Q Y ................KQFRH..PDYKEPVTEDKVPNKAHLLTNADGTPFDYPYYIH
41_AIQ34761.1|Pa_FSL_706                          c      c                                                               KG KG KG KG B B KdGGML VL Q FI  E GRT................ TS TA HA Q Y ................KQWKD..........TAVPQDKYTEMFDSEGKSFGY..FIH
41_AEZ62583.1|St_infan_1443                        c      c                                                               KG KG KG KG B B KdGGLI IL Q FI  E GRT................ TS TA HS Q Y ................KQFRD..EAYKTPVATDQVPAKSDLLTNADGTPFVYPYFIS
41_CCF02755.1|St_maced_1180                        c      c                                                               KG KG KG KG B B KdGGLI VL Q FI  E GRT................ TS TA HS Q Y ................KQFLD..EDYKTPVSADKVPAKSDFLTNADGTPFEYPYFIS
41_CBZ48657.1|St_gallo_1441                        c      c                                                               KG KG KG KG B B KdGGLI VL Q FI  E GRT................ TS TA HS Q Y ................KQFLD..ENYKTPVSADKVPAKSDLLTNADGTPFEYPYFIS
41_AIQ57390.1|Pa_borea_723                        c      c                                                               KG KG KG KG B B KdGGML LL Q FL  E GRT................ TS TA QA Q Y ................KQWMA..........SGIPEQKYTEVRDEADQSVSY..FIN
41_AGI39830.1|C_sterc_1095                        c      c                                                               KG KG KG KG B B KdGGVL VL Q FL  E GRT................ TS TA HA Q Y ................KRWLG..........KGVPQGKYTEHKDVYGNVIGY..LID
41_AEB82319.1|St_suis_1385                        c      c                                                               KG KG KG KG B B KdGGLL VL Q FI  E GRT................ TA TP HS Q Y ................KQFRH..PDYKEPVSEDKVPNKAHLLTNADGTPFDYPYYIH
41_BAM47868.1|Am_xylan_1322                        c      c                                                               KG KG KG KG B B KdGGLM VL Q FI  E GRT................ TA TP HA Q Y ................KQFRH..EDFINEVPESQAPYKSTFMTDENGKPFEYPYFIH
41_AFR01291.1|St_suis_1385                        c      c                                                               KG KG KG KG B B KdGGLL VL Q FI  E GRT................ TA TP HS Q Y ................KQFRH..PDYKEPVTEDKVPNKAHLLTNADGTPFDYPYYIH
41_AGM98096.1|St_iniae_1419                        c      c                                                               KG KG KG KG B B KdGGLM IM Q FV  E GRS................ TS TA HS Q Y ................KQFRD..DAYKKPVASDKVPNKAHLLVNADGTPFEYPYFIH
41_ADE32331.1|St_suis_1408                        c      c                                                               KG KG KG KG B B KdGGLL VL Q FI  E GRT................ TA TP HS Q Y ................KQFRH..PDYKEPVTEDKVPNKAHLLTNADGTPFDYPYYIH
41_AHF60382.1|St_suis_1385                        c      c                                                               KG KG KG KG B B KdGGLL VL Q FI  E GRT................ TA TP HS Q Y ................KQFRH..PDYKEPVSEDKVPNKAHLLTNADGTPFDYPYYIH
41_CAZ52647.1|St_suis_1377                        c      c                                                               KG KG KG KG B B KdGGLL VL Q FI  E GRT................ TA TP HS Q Y ................KQFRH..PDYKEPVTEDKVPNKAHLLTNADGTPFDYPYYIH
41_ACX81318.1|St_gallo_1452                        c      c                                                               KG KG KG KG B B KdGGLI VL Q FI  E GRT................ TS TA HS Q Y ................KQFLD..EDYKTPVSADKVPAKSDLLTNADGTPFEYPYFIS
41_ABG83674.1|Cl_perfr_883                        c      c                                                               KG KG KG KG B B KdGGAI I Q F  E RS................T TS IP FQA D FL ................KYGDH....................................
41_AER45198.1|St_suis_1385                        c      c                                                               KG KG KG KG B B KdGGLL VL Q FI  E GRT................ TA TP HS Q Y ................KQFRH..PDYKEPVTEDKVPNKAHLLTNADGTPFDYPYYIH
41_BAK28316.1|St_gallo_1441                        c      c                                                               KG KG KG KG B B KdGGLI VL Q FI  E GRT................ TS TA HS Q Y ................KQFLD..ENYKTPVSADKVPAKSDLLTNADGTPFEYPYFIS
41_CQR54568.1|Pa_riogr_717                        c      c                                                               KG KG KG KG B B KdGGLL M Q FI  E GRT................E TS TA QA Q Y ................KQWKA..........AGVPEQKYTEMKDANGQSFGY..FIH
41_AGX06343.1|Ba_infan_1304                        c      c                                                               KG KG KG KG B B KdGGL IL Q FL  E GRTS ................ TS TA HA Q Y ................KQWLA..........EGVPEQKYHELTDENGVPFGY..FIH
41_AIQ22910.1|Pa_FSL_700                          c      c                                                               KG KG KG KG B B KdGGML VL Q FI  E GRT................ TS TA HA Q Y ................KQWNS..........TSVPQDKYTEMFDSEGKSFGY..FIH
41_AIQ67951.1|Pa_grami_717                        c      c                                                               KG KG KG KG B B KdGGLL M Q FI  E GRT................E TS TA QA Q Y ................KQWKG..........AGVPEQKYTELKDANGQSFGY..FIH
41_AIQ16995.1|Pa_FSL_716                          c      c                                                               KG KG KG KG B B KdGGML V Q FL  E GRT................ FTS TS QA Q Y ................KQWKA..........DTIPEQKATELKDANNNSFGY..FIH
41_AER18240.1|St_suis_1385                        c      c                                                               KG KG KG KG B B KdGGLL VL Q FI  E GRT................ TA TP HS Q Y ................KQFRH..PDYKEPVSEDKVPNKAHLLTNADGTPFDYPYYIH
41_AIQ46154.1|Pa_FSL_716                          c      c                                                               KG KG KG KG B B KdGGL L Q FM  E GRTT ................E TS TA QA Q Y ................KQWHG..........TGVPEQKYTEMKDADGQFFGY..FIH
41_AIQ40360.1|Pa_FSL_723                          c      c                                                               KG KG KG KG B B KdGGML LL Q FL  E GRT................ TS TA QA Q Y ................KQWMA..........AGAPEQKYTEVRDAADQSVSY..FIN
41_AIY06268.1|Pl_PAMC_1296                        c      c                                                               KG KG KG KG B B KdGGAM VL Q FI  E GRT................ TS TA HA Q Y ................KQWFG..........EGVPEQKYHEFEDEAGNPFGY..FIH
X_|AAG31033.1|_152                                c      c                                                               JH JH JH JH C C JIHG GL  V  E G TT ................QYTQP MPV FQ D R ................GRQGN....................................
400                                 410                                              420        X   X   X
11_|BAA11864.1|_150          A                             A  A     A                                                A   F  S W FNA C..........................QDNET W..YD .................................NLDENR....VRFHD VRR
11_|AAB63356.1|_198          B                             B  B     B                                                B   Y  N W YNT N..........................LDSAA W..LY ..............................SR.SALEAD......HET TKR
11_|AAC76456.1|_136          B                             B  B     B                                                B   Y  T W FNA C..........................QDNQL W..LD .................................SQASSG......LTA TAA
11_|BAA29041.1|_152          B                             B  B     B                                                B   Y  N W FNT C..........................HDHYV Y..FR ..............................DK.KEESSD......LQR CSL
11_|AAK42273.1|_156          B                             B  B     B                                                B   F  T W FNA C..........................QDNEI W..FD .................................NLDERK....SKFLE VKK
11_|BAB99500.1|_150          B                             B  B     B                                                B   Y   W FNV C..........................QDNELAW..VN ..............................DQ.AEENAD......LVS TRR
11_|AAM81590.1|_156          B                             B  B     B                                                B   F  T W FNA C..........................QDNEI W..FD .................................NLDERK....SKFLE VKK
11_|AAP85534.1|_244          B                             B  B     B                                                B   Y  N W FNT C..........................HDSEL Y..LR ..............................DQLAEDPHG......FNR VRL
11_sp|P10342|_193            B                             B  B     B                                                B   Y  N W FNA N..........................LDSSA WLTYS .................................TTDQSN......FYT AQR
12_|AAK74446.1|_586          B                             B  B     B                                                B   Y D N W YDS D..........................SS AV K..FD ..............................TK.ATDGKAYPENVKSRD MKG
12_|AAN00098.1|_611          B                             B  B     B                                                B   Y D N W YDS D..........................SS AI H..FD ..............................AA.ATDNNKHPISTKTQA TAG
12+41_|AAS36537.1|_1272      B                             B  B     B                                                B   Y D N W YDS D..........................SS II R..FD ..............................EK.ATDAEKYPVNNVTRD TAG
12_|ACI61883.1|_510          B                             B  B     B                                                B   Y D N W YDS D..........................SS AV H..FD ..............................AK.ATDSIAHPISNQTKA TQG
12+41_|CAR47543.1|_1377      B                             B  B     B                                                B   Y D N W FDS D..........................SS AV K..FD ..............................TK.ATDEALYPENTRTQA TKG
13_|CAA36431.1|_431          B                             B  B     B                                                B   Y D N Y  DS D..........................SG WF R..VD .................................SLQDNNYNV..........
13_|AAA25124.1|_443          B                             B  B     B                                                B   Y D N Y  DS D..........................SG WF R..VD .................................SLQDNNYNV..........
13_|AAD04189.1|_273          B                             B  B     B                                                B   Y D N F  DS N..........................SG WF K..LD .................................TYETNN.............
13_|BAA28632.1|_328          B                             B  B     B                                                B   Y D N F  DS N..........................SG WF K..LD .................................TYETNN.............
13_|AAD11599.1|_330          B                             B  B     B                                                B   Y D N F  DS D..........................SG WF K..ID .................................TYETNN.............
13_|AAN26412.1|_331          B                             B  B     B                                                B   Y D N F  DS N..........................SG WF R..LD .................................SYNSNN.............
13_|ABL84490.1|_331          B                             B  B     B                                                B   Y D N F  DS N..........................SG WF K..LD .................................TYETNN.............
13_|CED95594.1|_470          B                             B  B     B                                                B   Y D N F  NS D..........................SG WF Y..VD .................................TYNTNN.............
14_|ACN58254.1|_339          B                             B  B     B                                                B   Y  N Y YNS N..........................APISI G..FG ..............................ER.KRQFID......VFN YKG
14_|BAB62095.1|_218          B                             B  B     B                                                B   Y D N W YNS R..........................SP AV Q..LD ..............................ER.KSRYED......DVR VQG
14_|AAD30387.1|_347          B                             B  B     B                                                B   Y  N Y YNS K..........................SPISI G..LD ..............................AR.KAEFID......VFN YKG
14_|BAF93906.1|_464          B                             B  B     B                                                B   Y D N W FNS NGLFGLDSNGTYHGNYWPGSNLYTPVVAG VV A..MN ..............................DN.VKDNQN......AVN IGN
14_|AAY89038.1|_1075         B                             B  B     B                                                B   Y D N W YNS N..........................AG AV A..ID ..............................NR.TVEQAG......SVN VKG
14_|AAB06264.1|_330          B                             B  B     B                                                B   Y D N W FNT N..........................AG NI K..ID .................................SLKEKFFD....TFK YCD
14_|AFL46505.1|_460          B                             B  B     B                                                B   Y D N W YNS K..........................SP SV Q..LD ..............................KR.KMDRQQ......DVD MTG
14_|AJG04842.1|_460          B                             B  B     B                                                B   Y D N W YNS K..........................SP SV Q..LD ..............................KL.KMDRQA......DVD MKG
14_|AAD30387.1|_347_2        B                             B  B     B                                                B   Y  N Y YNS K..........................SPISI G..LD ..............................AR.KAEFID......VFN YKG
14_|CAC85704.1|_218          B                             B  B     B                                                B   Y D N W YNS R..........................SP AV Q..LD ..............................ER.KSRYED......DVR VQG
14_|AAS47565.1|_372          B                             B  B     B                                                B   Y D N W YNS K..........................SP HI Q..IE .................................SRKHTYYEE....FL HQG
14_|AEW23439.1|_217          B                             B  B     B                                                B   Y D N W  NS N..........................SP EV Q..VD ..................................NEKSRWEEDVRE...IMK
14_|CAC60156.1|_431          B                             B  B     B                                                B   Y D N W YNS N..........................AG SV Q..FD ..............................SR.KAQFKD......VFD FSS
14_|AAE10887.1|_429          B                             B  B     B                                                B   Y D N W YNS N..........................AG AV E..FD ..................................SRKAQYPD...VFN YSG
14_|AAC00283.1|_213          B                             B  B     B                                                B   Y D N W YNS Q..........................SS SI Q..LD ..............................DR.RETFKE......DVH IRR
14_|CAC60157|_429            B                             B  B     B                                                B   Y D N W YNS N..........................AG AV E..FD ..................................SRKAQYPD...VFN YSG
14_|AAD36907|_339            B                             B  B     B                                                B   Y  N Y YNS N..........................APISI G..FD ..............................ER.KLQFID......VFN HKG
20_|BAA02473.1|_130          B                             B  B     B                                                B    D  W F..............................DP CRRP..MI .................................EEKEQN....RGLFE YKE
20_|AAA22622.1|_134          B                             B  B     B                                                B    E  W  ..............................DP CRKC..MV ..............................DPMQQNKELHQHVKQLIALRKQ
20_|AAC46346.1|_134          B                             B  B     B                                                B      W  ..............................DPGCRKC..MI .....................................DEHQQNRELFRHVQK
20_|AAC15072.1|_134          B                             B  B     B                                                B    E  W  ..............................DP CRKC..MV ..............................DPEKQNKELYEHVKQLIALRKQ
20_|AAF23874.1|_137          B                             B  B     B                                                B      W F..............................DPLCRKC..MV .................................EKEKQN....QDMLQ MKR
20_|AAK15003.1|_134          B                             B  B     B                                                B    E  W  ..............................DP CRKC..MV ..............................DPMQQNKELHQHVKQLIALRKQ
20_|ABJ59624.1|_136          B                             B  B     B                                                B    D  W  ..............................DP CRKP..MD ..............................GK....................
20_|ABS59068.1|_41           B                             B  B     B                                                B    D  W F...............................P DRKP..ML ..........EDLSYEDEVSCPVPNCNRPADK.NVFNRD......LFD YRK
20_|ACC84362.1|_11           B                             B  B     B                                                B    D    ..............................DP SRRG..FPL..............................EA.NWNQEIFNTHRQLITIRQT
20_|BAI67607.1|_9            B                             B  B     B                                                B      W F..............................DPGCRGA..MP ..............................NEESWNTRLLDGIRTFAA RAH
20_|AFM43699.1|_134          B                             B  B     B                                                B    E  W  ..............................DP CRKC..MV ..............................DPEKQNKELYEHVKQLIALRRQ
20_|AHW51935.1|_133          B                             B  B     B                                                B      W F..............................DPGCRAC..MI ..............................DE.AKQDKD......MLA LTQ
31_|CAA37583.1|_7            B                             B  B     B                                                B     T W Y..............................RDNAR P..MQ ..........DDQNHAGFTTGEPWITVNPNYKEINVKQAIQNKDSIFY YKK
31_|BAA00534.1|_6            B                             B  B     B                                                B     T W YKKGR...........................DHAR P..MQ DDGKYAGFT..DGE.AWLAVNPRYQEINVKES.LADEDS......IFY YQK
31_|BAA01368.1|_7            B                             B  B     B                                                B     T W Y..............................RDNAR P..MQ ..........DDSENAGFTAGTPWIPVNPNYKEINVKAALEDPNSVFH YKK
31_|BAA11354.1|_6            B                             B  B     B                                                B     T W YKKGR...........................DNAR P..MQ .........DGSFNAGFTTGTPWLKVNSRYSE.INVAKALQEPDSIFY YQS
31_|AAK27723.1|_24           B                             B  B     B                                                B   F D  W FAG T..........................PA AAAE...P ........................ISVNPNHVEINAAEEFDDPDSVYT YKK
31_|AAV42157.1|_6            B                             B  B     B                                                B      W  NVKG..........................RDNARRP..MQ ..........NDEKNAGFSEVDPWLSVNPNYKDINVENALADPNSIFYTYQK
31_|BAE79634.1|_2            B                             B  B     B                                                B     T W  RMIG..........................RDNAR P..MQ .........DASQNAGFSTADKTWLPVNPNYKDINVQAALKNSNSIFYTYQQ
31_|ACM89182.1|_27           B                             B  B     B                                                B   F D T W FAG T..........................AP AA E...P ........................ISVNPNHAEINAAGEFDDPDSVYA YKK
31_|ACM89183.1|_26           B                             B  B     B                                                B   F D  W FAG T..........................MP APVE...P ........................IAVNPNHTEINAADETDDPDSVYS HKR
39_|AAA23205.1|_385          B                             B  B     B                                                B    D  W F..............................DP NRRT..FP .................................GREDTD......LQT FKK
39_|AAA19800.1|_388          B                             B  B     B                                                B    D  W F..............................DP DRRT..FP .................................GNEDTA......LQD FKN
39_|BAA05832.1|_475          B                             B  B     B                                                B    D  W  ..............................DP NRRT..YP .................................GSEDKE......LIAHYQK
39_|AAG44799.1|_479          B                             B  B     B                                                B    D  W  ..............................DP DRRT..YP .................................GSEDTE......LIAHYQK
39_|ABR26448.1|_397          B                             B  B     B                                                B    D  W  ..............................DP NRRT..YP .................................GKEDQN......LLSHYQK
39_|ABY95795.1|_385          B                             B  B     B                                                B    D  W F..............................DP NRRT..FS .................................GREDKD......LQD FKK
39_|ACR15165.1|_384          B                             B  B     B                                                B    D  W F..............................DP DRRT..FP .................................GNEDTT......LQD FKN
39_|ACV59878.1|_541          B                             B  B     B                                                B   Y   W  .G S..........................DPLNRRT..YP .................................DNQNLD......LLNHYRK
39_|ADZ99363.1|_550          B                             B  B     B                                                B   Y   W  .G S..........................DPLSRDT..YP .................................GHENEA......LLNHYRL
39_|AFI70750.1|_397          B                             B  B     B                                                B    D  W  ..............................DP NRRT..YP .................................GKEDQN......LLSHYQK
41_AHY15164.1|St_iniae_1419   B                             B  B     B                                                B   Y D N W YDS D..........................AT AI H..FD ..............................SK.ATDSKVFPESTKSQA MKG
41_AGL48789.1|St_suis_1378   B                             B  B     B                                                B   Y D N W FDS D..........................SS AV K..FD ..............................TK.ATDEALYPENTRTQA TKG
41_AHY17035.1|St_iniae_1419   B                             B  B     B                                                B   Y D N W YDS D..........................AT AI H..FD ..............................SK.ATDSKVFPESTKSQA MKG
41_AGZ24199.1|St_suis_1377   B                             B  B     B                                                B   Y D N W FDS D..........................SS AV K..FD ..............................TK.ATDETLYPENTRTQA TKG
41_ABP93225.1|St_suis_1252   B                             B  B     B                                                B   Y D N W FDS D..........................SS AV K..FD ..............................TK.ATDEALYPENTRTQA TKG
41_AER20299.1|St_suis_1389   B                             B  B     B                                                B   Y D N W FDS D..........................SS AV K..FD ..............................TK.ATDETLYPENTRTQA TKG
41_AER22304.1|St_suis_1385   B                             B  B     B                                                B   Y D N W FDS D..........................SS AV K..FD ..............................TK.ATDEALYPENTRTQA TKG
41_ADZ83524.1|Cl_lento_920   B                             B  B     B                                                B   Y D N W YNS K..........................SP SI M..IS ..................................ANRNSY...KEVTE YEG
41_AGW88268.1|St_suis_1385   B                             B  B     B                                                B   Y D N W FDS D..........................SS AV K..FD ..............................TK.ATDEALYPENTRTQA TKG
41_AGG65362.1|St_suis_1389   B                             B  B     B                                                B   Y D N W FDS D..........................SS AV K..FD ..............................TK.ATDEALYPENTRTQA TKG
41_AIQ28595.1|Pa_FSL_723     B                             B  B     B                                                B   Y D N W YDS D..........................SS AV A..FD ..............................AA.ATDEVNFPVQNATRE TAG
41_ADV71067.1|St_suis_1385   B                             B  B     B                                                B   Y D N W FDS D..........................SS AV K..FD ..............................TK.ATDEALYPENTRTQA TKG
41_AER16173.1|St_suis_1385   B                             B  B     B                                                B   Y D N W FDS D..........................SS AV K..FD ..............................TK.ATDEALYPENTRTQA TKG
41_AIQ51763.1|Pa_FSL_716     B                             B  B     B                                                B   Y D N W YDS D..........................SS AV M..FD ..............................SK.VTDEVKYPVQNTTKD TAG
41_CBI13953.1|St_gallo_1441   B                             B  B     B                                                B   Y D N W YDS D..........................ST AI H..FD ..............................AK.ATDSETYPENTQSQA TKG
41_CAZ56775.1|St_suis_1377   B                             B  B     B                                                B   Y D N W FDS D..........................SS AV K..FD ..............................TK.ATDEALYPENTRTQA TKG
41_AIQ34761.1|Pa_FSL_706     B                             B  B     B                                                B   Y D N W YDS D..........................SS AV M..FD ..............................TK.ATDESQFPVQNTTRK TSG
41_AEZ62583.1|St_infan_1443   B                             B  B     B                                                B   Y D N W YDS D..........................ST AI H..FD ..............................AK.ATDGKVYPENAKTQA TKG
41_CCF02755.1|St_maced_1180   B                             B  B     B                                                B   Y D N W YDS D..........................ST AI H..FD ..............................AK.ATDSEAYPENTQSQA TKG
41_CBZ48657.1|St_gallo_1441   B                             B  B     B                                                B   Y D N W YDS D..........................ST AI H..FD ..............................AK.ATDSETYPENTQSQA TKG
41_AIQ57390.1|Pa_borea_723   B                             B  B     B                                                B   Y D N W YDS D..........................SS AV A..FD ..............................AA.ATDEVNFPVQNATRE TAG
41_AGI39830.1|C_sterc_1095   B                             B  B     B                                                B   Y D N W YDS N..........................SS AI M..FD ..............................AK.ATDAEKYPVNSVTRK TAG
41_AEB82319.1|St_suis_1385   B                             B  B     B                                                B   Y D N W FDS D..........................SS AV K..FD ..............................TK.ATDEALYPENTRTQA TKG
41_BAM47868.1|Am_xylan_1322   B                             B  B     B                                                B   Y D N W YDS D..........................ST AV M..FD ..............................AK.VTDNDAYPINVATKD TAG
41_AFR01291.1|St_suis_1385   B                             B  B     B                                                B   Y D N W FDS D..........................SS AV K..FD ..............................TK.ATDEALYPENTRTQA TKG
41_AGM98096.1|St_iniae_1419   B                             B  B     B                                                B   Y D N W YDS D..........................AT AI H..FD ..............................SK.ATDSKVFPESTKSQA MKG
41_ADE32331.1|St_suis_1408   B                             B  B     B                                                B   Y D N W FDS D..........................SS AV K..FD ..............................TK.ATDEALYPENTRTQA TKG
41_AHF60382.1|St_suis_1385   B                             B  B     B                                                B   Y D N W FDS D..........................SS AV K..FD ..............................TK.ATDEALYPENTRTQA TKG
41_CAZ52647.1|St_suis_1377   B                             B  B     B                                                B   Y D N W FDS D..........................SS AV K..FD ..............................TK.ATDEALYPENTRTQA TKG
41_ACX81318.1|St_gallo_1452   B                             B  B     B                                                B   Y D N W YDS D..........................ST AI H..FD ..............................AK.ATDSEAYPENTQSQA TKG
41_ABG83674.1|Cl_perfr_883   B                             B  B     B                                                B   Y D N W YNS K..........................SP AI K..IN ..................................QNKEKF...SGVFD YQG
41_AER45198.1|St_suis_1385   B                             B  B     B                                                B   Y D N W FDS D..........................SS AV K..FD ..............................TK.ATDEALYPENTRTQA TKG
41_BAK28316.1|St_gallo_1441   B                             B  B     B                                                B   Y D N W YDS D..........................ST AI H..FD ..............................AK.ATDSETYPENTQSQA TKG
41_CQR54568.1|Pa_riogr_717   B                             B  B     B                                                B   Y D N W YDS D..........................SS AV M..FD ..............................AK.ATDEVNYPVQNTTRA TSG
41_AGX06343.1|Ba_infan_1304   B                             B  B     B                                                B   Y D N W YDS D..........................SS AI K..FD ..............................QK.ATNASAYKVNTMTRE TEG
41_AIQ22910.1|Pa_FSL_700     B                             B  B     B                                                B   Y D N W YDS D..........................SS AV M..FD ..............................TK.ATDESQFPVQNTTRK TSG
41_AIQ67951.1|Pa_grami_717   B                             B  B     B                                                B   Y D N W YDS D..........................SS AV R..FD ..............................AK.ATDEVNYPVQNTTRA TSG
41_AIQ16995.1|Pa_FSL_716     B                             B  B     B                                                B   Y D N W YDS D..........................SS AV M..FD ..............................SK.VTDEVNFPVQNMTKD TSG
41_AER18240.1|St_suis_1385   B                             B  B     B                                                B   Y D N W FDS D..........................SS AV K..FD ..............................TK.ATDEALYPENTRTQA TKG
41_AIQ46154.1|Pa_FSL_716     B                             B  B     B                                                B   Y D N W YDS D..........................SS AV M..FD ..............................SK.VTDEVNYPVQNTTKD TAG
41_AIQ40360.1|Pa_FSL_723     B                             B  B     B                                                B   Y D N W YDS D..........................SS AV A..FD ..............................SA.ATDEVNFSVQNATRE TAG
41_AIY06268.1|Pl_PAMC_1296   B                             B  B     B                                                B   Y D N W YDS D..........................SS AI Q..FD ..............................QK.ATNKKEFAVNNTTRT TEG
X_|AAG31033.1|_152           C                             C  C     C                                                C    E  W  ..............................HD QRYP..IQ ..............................DR.........LNVEVYEHYKR
430                                                                                             X
11_|BAA11864.1|_150        DF DF                                                                                         L    TNFYKAH.........
11_|AAB63356.1|_198        KG KG                                                                                         LI  R  AF KAH.........
11_|AAC76456.1|_136        KG KG                                                                                         LI LR  H  KRI.........
11_|BAA29041.1|_152        KG KG                                                                                         M  R TKF KQ..........
11_|AAK42273.1|_156        KG KG                                                                                         MI     QFYRAH.........
11_|BAB99500.1|_150        KG KG                                                                                         LL IR  R  ANH.........
11_|AAM81590.1|_156        KG KG                                                                                         MI     QFYKAH.........
11_|AAP85534.1|_244        KG KG                                                                                         LI  R  HF RA..........
11_sp|P10342|_193          KG KG                                                                                         LI  R  AF KAH.........
12_|AAK74446.1|_586        KG KG                                                                                         LI LR  A  ............
12_|AAN00098.1|_611        KG KG                                                                                         LI LR  T  ............
12+41_|AAS36537.1|_1272    KG KG                                                                                         LI LR  E  ............
12_|ACI61883.1|_510        KG KG                                                                                         LI LR  A  ............
12+41_|CAR47543.1|_1377    KG KG                                                                                         LI LR  A  ............
13_|CAA36431.1|_431        KG KG                                                                                         .................
13_|AAA25124.1|_443        KG KG                                                                                         .................
13_|AAD04189.1|_273        KG KG                                                                                         .................
13_|BAA28632.1|_328        KG KG                                                                                         .................
13_|AAD11599.1|_330        KG KG                                                                                         .................
13_|AAN26412.1|_331        KG KG                                                                                         .................
13_|ABL84490.1|_331        KG KG                                                                                         .................
13_|CED95594.1|_470        KG KG                                                                                         .................
14_|ACN58254.1|_339        KG KG                                                                                         LI LR  K  ............
14_|BAB62095.1|_218        KG KG                                                                                         LI LR  A  ............
14_|AAD30387.1|_347        KG KG                                                                                         LI LR  E  ............
14_|BAF93906.1|_464        KG KG                                                                                         LM  K  KF ............
14_|AAY89038.1|_1075       KG KG                                                                                         LI LR  A  ............
14_|AAB06264.1|_330        KG KG                                                                                         LI LR  N  ............
14_|AFL46505.1|_460        KG KG                                                                                         LI LR  E  ............
14_|AJG04842.1|_460        KG KG                                                                                         LI VR  Q  ............
14_|AAD30387.1|_347_2      KG KG                                                                                         LI LR  E  ............
14_|CAC85704.1|_218        KG KG                                                                                         LI LR  A  ............
14_|AAS47565.1|_372        KG KG                                                                                         LI LR  R  ............
14_|AEW23439.1|_217        KG KG                                                                                         LI LR  E  ............
14_|CAC60156.1|_431        KG KG                                                                                         MI LR  H  ............
14_|AAE10887.1|_429        KG KG                                                                                         LI LR  H  ............
14_|AAC00283.1|_213        KG KG                                                                                         LI LR  S  ............
14_|CAC60157|_429          KG KG                                                                                         LI LR  H  ............
14_|AAD36907|_339          KG KG                                                                                         LI LR  K  ............
20_|BAA02473.1|_130        KG KG                                                                                         LI LR  R  HRLASLTRGN..
20_|AAA22622.1|_134        KG KG                                                                                           LRYRS  RGEI........
20_|AAC46346.1|_134        KG KG                                                                                         LI LR  A  KAYKAF......
20_|AAC15072.1|_134        KG KG                                                                                           LRYRA  RGD.........
20_|AAF23874.1|_137        KG KG                                                                                         LI LR  A  KQENTLLT....
20_|AAK15003.1|_134        KG KG                                                                                           LRYRS  RGEI........
20_|ABJ59624.1|_136        KG KG                                                                                         .................
20_|ABS59068.1|_41         KG KG                                                                                         LI  R  RE IHSD.ALTLGEF
20_|ACC84362.1|_11         KG KG                                                                                           LRYPA  TGDY........
20_|BAI67607.1|_9          KG KG                                                                                           MRQPA  RG..........
20_|AFM43699.1|_134        KG KG                                                                                           LRYRA  RGD.........
20_|AHW51935.1|_133        KG KG                                                                                         LI LR  A  KHHPAF......
31_|CAA37583.1|_7          KG KG                                                                                         LI LR  E  KN..........
31_|BAA00534.1|_6          KG KG                                                                                         LI LR  G  KQ..........
31_|BAA01368.1|_7          KG KG                                                                                         LI LR  Q  KQ..........
31_|BAA11354.1|_6          KG KG                                                                                         LI LR  K  HS..........
31_|AAK27723.1|_24         KG KG                                                                                         LI MR  A  HN..........
31_|AAV42157.1|_6          KG KG                                                                                         LI LR  K  HE..........
31_|BAE79634.1|_2          KG KG                                                                                         LI LR  Q  KE..........
31_|ACM89182.1|_27         KG KG                                                                                         LI LR  A  HN..........
31_|ACM89183.1|_26         KG KG                                                                                         LI LR  A  H...........
39_|AAA23205.1|_385        KG KG                                                                                         VV IR  N  .NENQVLKTGDL
39_|AAA19800.1|_388        KG KG                                                                                         V IR SS  .NNNQVLKTGDL
39_|BAA05832.1|_475        KG KG                                                                                         V IR K  TKHQDVLAKGTI
39_|AAG44799.1|_479        KG KG                                                                                         V VR T  TEHQDVLAKGTI
39_|ABR26448.1|_397        KG KG                                                                                         V IR H  QRHQSLLAHGDI
39_|ABY95795.1|_385        KG KG                                                                                         VV IR  N  .NENQVLKTGDL
39_|ACR15165.1|_384        KG KG                                                                                         I IR SS  .NNNQVLKTGDL
39_|ACV59878.1|_541        KG KG                                                                                         L IR A  .NANPVLQTGDF
39_|ADZ99363.1|_550        KG KG                                                                                         L IR A  .AANPVLQTGTF
39_|AFI70750.1|_397        KG KG                                                                                         V IR H  QHHQSLLAHGDI
41_AHY15164.1|St_iniae_1419 KG KG                                                                                         LI LR  A  ............
41_AGL48789.1|St_suis_1378 KG KG                                                                                         LI LR  A  ............
41_AHY17035.1|St_iniae_1419 KG KG                                                                                         LI LR  A  ............
41_AGZ24199.1|St_suis_1377 KG KG                                                                                         LI LR  A  ............
41_ABP93225.1|St_suis_1252 KG KG                                                                                         LI LR  A  ............
41_AER20299.1|St_suis_1389 KG KG                                                                                         LI LR  A  ............
41_AER22304.1|St_suis_1385 KG KG                                                                                         LI LR  A  ............
41_ADZ83524.1|Cl_lento_920 KG KG                                                                                         LI LR  A  ............
41_AGW88268.1|St_suis_1385 KG KG                                                                                         LI LR  A  ............
41_AGG65362.1|St_suis_1389 KG KG                                                                                         LI LR  A  ............
41_AIQ28595.1|Pa_FSL_723   KG KG                                                                                         LI LR  K  ............
41_ADV71067.1|St_suis_1385 KG KG                                                                                         LI LR  A  ............
41_AER16173.1|St_suis_1385 KG KG                                                                                         LI LR  A  ............
41_AIQ51763.1|Pa_FSL_716   KG KG                                                                                         LI LR  Q  ............
41_CBI13953.1|St_gallo_1441 KG KG                                                                                         LI IR  A  ............
41_CAZ56775.1|St_suis_1377 KG KG                                                                                         LI LR  A  ............
41_AIQ34761.1|Pa_FSL_706   KG KG                                                                                         LM LR  E  ............
41_AEZ62583.1|St_infan_1443 KG KG                                                                                         LI LR  A  ............
41_CCF02755.1|St_maced_1180 KG KG                                                                                         LI IR  A  ............
41_CBZ48657.1|St_gallo_1441 KG KG                                                                                         LI IR  A  ............
41_AIQ57390.1|Pa_borea_723 KG KG                                                                                         LI LR  K  ............
41_AGI39830.1|C_sterc_1095 KG KG                                                                                         LI LR  A  ............
41_AEB82319.1|St_suis_1385 KG KG                                                                                         LI LR  A  ............
41_BAM47868.1|Am_xylan_1322 KG KG                                                                                         LI LR  K  ............
41_AFR01291.1|St_suis_1385 KG KG                                                                                         LI LR  A  ............
41_AGM98096.1|St_iniae_1419 KG KG                                                                                         LI LR  A  ............
41_ADE32331.1|St_suis_1408 KG KG                                                                                         LI LR  A  ............
41_AHF60382.1|St_suis_1385 KG KG                                                                                         LI LR  A  ............
41_CAZ52647.1|St_suis_1377 KG KG                                                                                         LI LR  A  ............
41_ACX81318.1|St_gallo_1452 KG KG                                                                                         LI IR  A  ............
41_ABG83674.1|Cl_perfr_883 KG KG                                                                                         LI LR  S  ............
41_AER45198.1|St_suis_1385 KG KG                                                                                         LI LR  A  ............
41_BAK28316.1|St_gallo_1441 KG KG                                                                                         LI IR  A  ............
41_CQR54568.1|Pa_riogr_717 KG KG                                                                                         LI LR  Q  ............
41_AGX06343.1|Ba_infan_1304 KG KG                                                                                         LI LR  E  ............
41_AIQ22910.1|Pa_FSL_700   KG KG                                                                                         LM LR  E  ............
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Table S1. Overview of the kinetic constants of members of GH13 subfamilies 11–14, and 39, and GH57 members with α-glucan debranching activity. GH13 proteins, 
which experimentally have been shown to have α-glucan debranching activity, but which are not included in a subfamily are included. 
 
GH13_11       
Source, enzyme type, GenBank accession no. Substrate and assay conditions KM kcat Vmax kcat/KM Reference 
Escherichia coli str. K-12 substr. MG1655, GDE, 
AAC76456 
pH 7.0, 37°C     [1] 
Maltosyl-β-CD 
Maltotriosyl-β-CD 
Maltotetrasyl-β-CD 
Maltopentasyl-β-CD 
ND 
1.51±0.14 
0.15±0.03 
ND 
ND 
38.0±0 
41.7±2.9 
ND 
 
ND 
26.0±2.5 
300±45 
ND 
Sulfolobus shibatae B12, GDE, AAM81590 
pH 5.5, 70°C mM    [2] 
Maltopentaose 246.3    
Maltosyl-β-CD 12.2    
Pullulan 19    
Sulfolobus solfataricus P2, GDE, AAK42273 
pH 5.5, 70°C mg/ml 1/s  ml/(mg s) [3] 
Amylopectin 31.1±0.23 
(88.0±5.63)a 
0.923±0.006 
(17.35±0.96) a 
 (29.6±0.294)⋅10
-3 
((197±16.7) ⋅10-3) a 
pH 6.5, 70°C mg/ml 1/s  ml/(mg s) 
Amylopectin 92.3±7.41 
(345±28.3) a 
0.48±0.05 
(7.57±0.23) a 
 (5.21±0.654) ⋅10
-3 
((21.9±1.92) ⋅10-3) a 
pH 5.5, 70°C mM 1/s  1/(mM s) [4] 
Maltotetrasyl-β-CD 0.206±0.003 2570±334  1242±162 
GH13_12       
Source, enzyme type, GenBank accession no. Substrate and assay conditions KM kcat Vmax kcat/KM Reference 
Bacillus sp. KSM-1378, PULII_II, AAS36537 
pH 9.0, 50°C mg/ml  µg/ml/min  [5] 
Pullulan 0.72  169  
Amylose 0.27  51  
Streptococcus pneumoniae, PULI, SpuA, AAK74446 25°C mM 1/s 
  [6] 
pNP-α-maltopentaoside 0.36±0.06 4.5±0.2   
aNumbers in paranthesis are values from assay with DMSO  
GH13_13       
Source, enzyme type, GenBank accession no. Substrate and assay conditions KM kcat Vmax kcat/KM Reference 
Barley (Hordeum vulgare), PULI, AAD04189 
pH 5.5, 37°C mg/ml 1/s  ml/(mg s) [7, 8] 
Pullulan 0.081±0.003 
(0.16±0.02)b 
61±13 
(78±10)b 
 753 (488)b 
Amylopectin 6.9±1.0 15.6±1.2  2.3 
pH 5.0, 40°C mg/ml 1/s  ml/(mg s) [9] 
Pullulan 0.44 60.0  140 
62-α-maltotriosyl-maltotetraose 0.81 
(0.78 mM) 215  
280 
(273 1/(mM s)) 
pH 5.0, 40°C mM 1/s  1/(mM s) [10] 
63-α-maltosyl-maltotetraose 0.49 164  335 
64-α-maltosyl-maltopentaose 0.47 85  181 
63-α-maltotriosyl-maltotetraose 0.78 218  279 
63-α-maltosyl-maltotriose 3.3 157  48 
G2-α-cyclodextrin 0.087 10  113 
G2-β-cyclodextrin 0.47 5  11 
G2-γ-cyclodextrin 0.19 39  205 
Klebsiella pneumoniae (Aerobacter aerogenes), PULI, 
AAA25124 
pH 5.0, 40°C mM 1/s  1/(mM s) [10] 
63-α-maltosyl-maltotetraose 0.98 2071  2100 
64-α-maltosyl-maltopentaose 1.19 893  750 
63-α-maltotriosyl-maltotetraose 0.7 1409  2000 
63-α-maltosyl-maltotriose 1.7 772  450 
G2-α-cyclodextrin 0.083 8  96 
G2-β-cyclodextrin 1.1 10  9 
G2-γ-cyclodextrin 0.12 241  2000 
pH 5.0, 40°C mg/ml 1/s  ml/(mg s) [11] 
Pullulan 0.017 103.3  6076 
Potato amylopectin 10.1 14.1  1.4 
Sweet potato amylopectin 8.3 8.8  1.1 
Wheat amylopectin 7.6 10.3  1.4 
Maize amylopectin 9.9 8.6  0.9 
Waxy maize amylopectin 9.8 9.0  0.9 
Glutinous rice amylopectin 9.1 9.4  1.0 
Waxy maize amylopectin, acid 
treated 8.9 19.9  2.2 
Glutinous rice amylopectin, acid 
treated 7.7 13.7  1.8 
Oyster glycogen 33 4.5  0.1 
Rabbit liver glycogen 20 1.8  0.1 
Sweet corn phytoglycogen 50 8.2  0.2 
Klebsiella pneumoniae (Aerobacter aerogenes), PULI 
(commercial) 
pH 5.4, 37°C mg/ml 1/s  ml/(mg s) [12] 
Pullulan 0.617 116  188 
Maize (Zea maize) PULI, AAD11599 
pH 6.0, 37°C mM  µmol/min  [13] 
Pullulan 0.37±0.05  95.0±4.1  
β-limit dextrin from amylopectin 4.10±0.95  344.4±55.2  
Rice (Oryza sativa L. japonica), PULI, BAA28632  
pH 6.0, 37°C mg/ml 1/s  ml/(mg s) [14] 
Pullulan 0.625 23.1  37.0 
Amylopectin 1.538 2.18  1.42 
Soluble starch 1.538 2.80  1.88 
Glycogen β-limit dextrin 0.909 3.31  3.64 
pH 5.0, 30°C mg/ml  
Relative to 
pullulan 
 [15] 
Pullulan -  100  
Amylopectin 6  35  
Amylopectin β-limit dextrin 4  150  
Rabbit liver glycogen β-limit 
dextrin 7  55  
Phytoglycogen β-limit dextrin 10  135  
63-α-maltotriosyl-maltotetraose 
0.67 
(0.6 mM)  260  
Shewanella arctica, PULI, CED95594  % 1/s 
µmol/min/
mg 
 [16] 
Pullulan 0.1 86.9 33.8  
Sorghum bicolor, PULI, ABK63595 (fragment) 
pH 5.0, 30°C mg/ml  
Relative to 
pullulan 
 [17] 
Pullulan 0.2  1.0  
Amylopectin -  0.14  
Amylopectin β-limit dextrin 2.5  2.6  
Glycogen β-limit dextrin 30  3.0  
63-α-maltotriosyl-maltotetraose 1.7  5.3  
Spinach (Spinacia oleracea), PULI, AAN26412 
pH 6.0, 37°C mg/ml  U/mg  [18] 
Pullulan 0.78  69  
Amylopectin 7  22  
pH 6.0, 37°C mg/ml  U/mg  [19] 
Pullulan 0.70  62  
Amylopectin 7.2  16  
bResults in brackets are based on the Michaelis-Menten equation for uncompetitive substrate inhibition 
 
 
 
 
GH13_14       
Source, enzyme type, GenBank accession no. Substrate and assay conditions KM kcat Vmax kcat/KM Reference 
Anaerobranca gottschalkii, PULI, AAS47565 pH 8, 60°C mg/ml  U/mg  [20] 
Pullulan 0.75  61  
Bacillus acidopullulyticus, PULI, CAC60156 
pH 5.0, 70°C mg/ml  U/min  [21] 
Pullulan 4.0  0.23  
Soluble starch 11.1  0.2  
Dextran 40.0  1.25  
pH 5.0, 40°C mM 1/s  1/(mM s) [10] 
63-α-maltosyl-maltotetraose 0.3 164  550 
64-α-maltosyl-maltopentaose 0.47 61  130 
63-α-maltotriosyl-maltotetraose 0.23 87  380 
63-α-maltosyl-maltotriose 1.5 65  43 
G2-α-cyclodextrin 0.21 8  38 
G2-β-cyclodextrin 1.4 50  36 
G2-γ-cyclodextrin 0.08 31  390 
Bacillus deramificans T89.117D, PULI,  
pH 4.5, 37°C mg/ml 1/s  ml/(mg s) [22] 
Pullulan 0.7±0.02 1900.4±103.5  2712.9±121.6 
pH 5.4, 60°C mg/ml 1/s U/mg ml/(mg s) [23] 
Pullulan 0.38±0.02 2031±97.5 436±21.6 5403±270.1 
Bacillus subtilis strain 168, PULI, AAC00283 pH 5.4, 37°C mg/ml 1/s  ml/(mg s) [12] 
Pullulan 1.28 97 75.5  
Exiguobacterium acetylium a1/YH5, PULI 
pH 6.0, 50°C mg/ml  U/mg  [24] 
Pullulan 0.12±0.02  33.79±0.26  
Soluble starch 0.69±0.04  20.17±0.28  
Exiguobacterium sp. SH3, PULI, AJG04842 
pH 7.0, 37°C mg/ml  U/ml  [25] 
Pullulan 0.069  967  
pH 8.5, 45°C mg/ml 1/s U/mg ml/(mg s) [26] 
Pullulan 2.8 37 20.3 13.2 
Fervidobacterium pennavorans Ven5, PULI, 
AAD30387 
pH 6.0, 80°C mg/ml  U/mg  [27] 
Pullulan 0.4  1.58  
Lactobacillus plantarum L137, PULII_I, BAF93906 
pH 4.0, 40°C mg/ml 1/s U/mg ml/(mg s) [28, 29] 
Pullulan 6.9 18.0 37.9 3.3 
Soluble starch 7.7 25.5 53.4 5.9 
Amylose 2.6 15.3 32.3 2.6 
Paenibacillus polymyxa Nws-pp2, PULI, AIE88189 pH 6.0, 35°C mg/ml  U/mg  [30] 
Pullulan 15.25  20.1   
  
GH13_39       
Source, enzyme type, GenBank accession no. Substrate and assay conditions KM kcat Vmax kcat/KM Reference 
Geobacillus thermoleovorans NP33, PULII_I, 
AFI70750 
 mg/ml 1/s U/mg ml/(mg s) [31] 
Pullulan 3.3 1941 640 2426 
Starch 0.8 2021 666 588 
Thermoanaerobacter pseudethanolicus ATCC33223 
(Clostricium thermohydrosulfuricum), PULII_I, 
ABY95795 
 mg/ml 1/s   [32] 
Pullulan 0.35 267   
Amylose 1.00    
pH 6.0, 60°C mg/ml 1/s  ml/(mg s) [33] 
Pullulan 0.675 271  410 
Thermoanaerobacterium saccharolyticum NTOU1, 
PULII_I 
pH 6.0, 70°C mg/ml 1/s  ml/(mg s) [34] 
Pullulan 13.0±0.4 1751.3±38.0  135.1 
Starch 7.4±0.4 877.9±2.0  119.0 
Thermoanaerobacterium thermosulfurigenes EM1 
(Clostridium thermosulfurogenes), PULII_I, AAB00841 
65°C mg/ml    [35] 
Pullulan 1.5    
Soluble starch 0.70    
 
 
GH13 debranching enzymes not classified into subfamily 
Source, enzyme type, GenBank accession no. Substrate and assay conditions KM kcat Vmax kcat/KM Reference 
Desulfurococcus mucosus, PULII_I, AAG31033 
 
pH 5.5, 80°C M 1/s  1/(M s) [36] 
Pullulan 0.25 170  680 
Starch 5.88 102  12.3 
Thermococcus kodakarensis KOD1, PULII_I/pullulan 
hydrolase type III, BAD85166 
pH 5.5 mg/ml 1/s U/mg ml/(mg s) [37] 
Pullulan 0.37±0.02 157.8 118.39±1.76 424.3 
pH 6.0 mg/ml 1/s U/mg ml/(mg s) 
Soluble starch 0.36±0.05 70.9 53.19±11.66 196.9 
pH 4.2, 90°C mg/ml  U/mg  [38] 
Pullulan 0.2  109  
Uncultured bacterium, PULII_II, AGL50935 
pH9.0, 50°C mg/ml  U/mg  [39] 
Pullulan 1.5±0.1  306.8±5.9  
Amylose (potato) 3.6±0.2  254.3±2.7  
Soluble starch 4.4±0.2  230.6±4.1  
Amylopectin (potato) 5.1±0.4  142.5±2.9  
Glycogen (oyster) 9.7±0.8  58.9±2.3  
  
GH57       
Source, enzyme type, GenBank accession no. Substrate and assay conditions KM kcat Vmax kcat/KM Reference 
Pyrococcus furiosus DSM 3638, PULII_I, ABA33719 
90°C mg/ml  U/mg  [40] 
Pullulan 0.13±0.03  156.7±9.9  
Soluble starch 1.17±0.15  63.9±3.0  
Staphylothermus marinus F1, PULII_I, ABN70497 
pH 5.0, 90°C mg/ml 1/s  ml/(mg s) [41] 
Pullulan 0.55±0.02 187.55±10.76  342.34±12.10 
Amylopectin 16.24±2.56 181.45±10.19  11.38±1.31 
Amylose 4.71±0.26 39.32±1.43  8.36±0.20 
Starch 0.54±0.07 59.69±2.90  112.46±10.25 
Glycogen 0.07±0.01 1.79±0.14  26.30±1.73 
 mM 1/s  1/(mM s) 
α-CD 5.32±0.24 235.22±19.30  44.23±3.15 
β-CD 5.72±1.53 196.60±31.16  35.46±4.54 
γ-CD 5.76±0.19 445.04±5.68  77.33±2.61 
Glucosyl-β-CD 5.81±0.04 78.07±3.93  13.45±0.71 
Maltosyl-β-CD 3.88±0.13 241.84±5.80  62.33±1.21 
Maltotriosyl-β-CD 0.22±0.05 77.82±13.10  361.38±26.81 
Maltotriose 0.56±0.004 12.44±0.33  223.13±11.85 
Maltopentaose 0.11±0.024 32.07±3.45  301.38±29.54 
Thermococcus kodakarensis KOD1, PULII_I, 
BAD85963 
pH 5.5, 105°C mg/ml 1/s U/mg ml/(mg s) [42] 
Pullulan 2.2±0.2 192.3 92.3±1.5 87.4 
pH 5.0, 110°C mg/ml 1/s U/mg ml/(mg s) 
Starch 1.9±0.4 27.6 13.2±1.3 14.5 
  
No sequence, but pullulanase activity 
Source, enzyme type, GenBank accession no. Substrate and assay conditions KM kcat Vmax kcat/KM Reference 
Bacillus sp. AN-7, PULI pH 6.0, 80°C mg/ml  U/mg  [43] 
Pullulan 1.3  154  
Bacillus sp. S-1, alkaline PULI 
pH 9.0, 50°C mg/ml  mg/s/ml  [44] 
Pullulan 7.92  6.6  
Amylopectin 1.63  0.63  
α,β-limited dextran 3.1  0.66  
Bacillus flavocaldarius KP1228, PULI, BAB18516 
(Classified into GH13_20, but with EC no 3.2.1.41) 
pH 9.0, 75°C (%)-weight/volume 1/s  volume/ (%-weight s) 
[45] 
Pullulan 1.7 48.5  28.5 
Amylopectin 1.8 12.6  7.0 
β-limit dextrin 1.1 80.0  72.7 
Soluble starch 13.0 51.2  3.9 
Broad bean, Vicia faba L., PULI 
30°C mg/ml  Relative units  [46] 
Amylopectin 1.2  0.1  
Amylopectin β-limit dextrin 1  0.65  
Rabbit-liver glycogen β-limit dextrin 17  0.5  
63-α-maltotriosyl-maltotetraose 0.18  -  
Lactococcus lactis IBB 500, PULI pH 4.5, 45°C mg/ml  µM/(ml mg) 
 [47] 
Pullulan 0.34±0.02  2.04±0.14  
Kidney bean, Phaseolus vulgaris L., ISA1/2 
pH 6.0, 30°C, 10 mg/ml  µmol/min/mg protein 
  [48] 
Pullulan  0.95±0.15   
Amylopectin  14.98±0.51   
Glycogen  8.95±1.43   
β-limit dextrin  6.58±1.34   
Oat, Avena sativa, PULI 
pH 5.0, 30°C mg/ml  
Relative to 
pullulan  (%) 
 [15] 
Pullulan 0.17  100  
Amylopectin 1.4  26  
Amylopectin β-limit dextrin 1.5  160  
Rabbit-liver glycogen β-limit dextrin -  -  
Phytoglycogen β-limit dextrin -  -  
63-α-maltotriosyl-maltotetraose 0.23 (0.2 mM)  380  
Oat, Avena sativa, PULI 
pH 5.6, 30°C mg/ml  Relative (%)  [49] 
Pullulan 0.23  100  
Glutinous rice starch β-limit dextrin 3.00  71  
Glutinous rice starch 1.00  6.4  
Sugar beet, Beta vulgaris var. altissima, PULI from 
mature roots 
pH 5.6, 37°C     [50] 
Pullulan 0.31    
Amylopectin 4.55    
Thermoactinomyces thalpophilus No. 15 (Laceyella 
sacchari), pullulanase 
pH 7.0, 55°C % (w/v)    [51] 
Pullulan 0.32    
Amylopectin 0.36    
Amylopectin β-limit dextrin 0.45    
Glycogen β-limit dextrin 1.11    
Thermoanaerobium Tok6-B1, PULII_II 
pH 5.6, 70°C mg/ml 1/s  ml/(mg s) [52] 
Pullulan 0.07 6.7⋅104  9.6⋅105 
α-1,6-maltotriosyl-maltotriose 0.24 1.8⋅104  7.5⋅104 
Corn amylopectin 0.03 2.3⋅104  7.7⋅105 
Potato amylopectin 0.01 8.3⋅104  8.3⋅106 
Rabbit liver glycogen 0.04 3.7⋅104  9.3⋅105 
Oyster glycogen 0.01 1.0⋅105  1.0⋅107 
Lintner’s starch 0.05 2.2⋅104  4.4⋅105 
Short-chain amylose 0.02 1.5⋅104  7.5⋅105 
Potato amylose 0.02 2.6⋅104  1.3⋅106 
Thermus aquaticus YT-1 (strain ATCC25104) 
pH 5.9, 70°C (%)  nmol/min/ml  [53] 
Pullulan 0.0063  114  
Amylopectin 0.0025  12  
Lintner’s starch 0.0034  12  
Thermus caldophilus GK-24, PULI pH 7.0, 73°C mg/ml  U/mg  [54] Pullulan 0.42  1.8  
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Table S2. Relative specific activities of characterised members of GH13 subfamilies 11–14 and 39 including non-sequenced enzymes with pullulanase activity as well 
as GH13 pullulanase members not assigned to a subfamily, and GH57 enzymes. 
 
 GH13_11 GH13_12+44 
Organism, enzyme name, 
GenBank accession no., 
reference 
Flavobacterium 
sp., GDE, 
AAB63356 [1] 
Pseudomonas, 
ISA [2] 
Sulfolobus 
shibatae B12, 
GDE, AAM81590 
[3] 
Bacillus so. KSM-
1378, PULII_II, 
AAS36537 [4]  
Assay conditions: pH, 
temperature, substrate 
concentration 
  pH 5.5, 70°C, 1% 
(w/v) 
pH 9.0, 50°C 
Pullulan 2 0.5  36.8 100 
Amylopectin 100 (corn) 100 (potato) 
106 (sweet 
potato) 
111 (wheat) 
124 (maize) 
96 (waxy maize) 
74 (glutinous rice) 
100 55 (potato) 
Amylopectin limit dextrin    6 (dextrin) 
Glycogen 101 (rabbit liver), 
106 (oyster) 
73 (oyster) 
50 (rabbit liver) 
73.5 25 (oyster), 24 
(bovine muscle) 
Phytoglycogen  105 (sweet corn)   
Starch 70 (potato), 90 
(rice) 
 82.4 (rice) 130 (potato) 
Amylose   16.9 28 (potato, 
DP=17) 
 
  
 
 GH13_13 
Organism, enzyme name, 
GenBank accession no., 
reference 
Barley (Hordeum 
vulgare), PULI, 
AAD04189 [5] 
Klebsiella 
pneumoniae 
(Aerobacter 
aerogenes), PULI, 
AAA25124 [2] 
Klebsiella 
pneumoniae 
(Aerobacter 
aerogenes), PULI, 
AAA25124 [6] 
Rice (Oryza 
sativa), PULI, [7] 
Rice (Oryza 
sativa), PULI, [8] 
Sorghum 
bicolour, PULI, 
ABK63595 [9] 
Assay conditions: pH, 
temperature, substrate 
concentration 
pH 5.2, 37°C, 1 
mM 
pH 5.5, 40°C, 2% 
(w/v) 
pH 5.0, 35°C, 
0.5% (w/v) 
pH 5.0, 30°C pH 6.0, 37°C pH 5.0, 30°C 
Pullulan 100 100 100 100 100 100 
Amylopectin <<1 9.1 (potato), 6.0 
(sweet potato), 
7.2 (wheat), 5.5 
(maize), 6.0 
(waxy maize), 6.4 
(glutinous rice), 
13.6 (waxy maize, 
acid-treated), 9.4 
(glutinous rice, 
acid-treated) 
  34.1  
Amylopectin limit dextrin 68    19.5 (β-)  
Glycogen 0 1.7 (oyster), 1.1 
(rabbit liver) 
  6.3  
Phytoglycogen  2.3 (sweet corn)     
Soluble starch     15.8  
Panose    0  0 
63-α-D-glucosyl-maltotriose   0 0   
63-α-maltosyl-maltotriose 13  55 50  220 
63-α-maltosyl-maltotetraose 123  171 210  300 
63-α-maltotriosyl-maltotriose 119  91 170  250 
63-α-maltotriosyl-maltotetraose 243  112 260  400 
maltosyl-α-cyclodextrin      0 
maltosyl-ß-cyclodextrin      50 
 
  
 GH13_13, continued 
Organism, enzyme name, 
GenBank accession no., 
reference 
Spinacia 
oleracea, spinach, 
PULI, AAN26412 
[10] 
Spinacia 
oleracea, spinach, 
recombinant 
PULI, AAN26412 
[11] 
Zea maize, maize, 
PULI, AAD11599 
[12] 
Shewanella 
arctica, PULI, 
CED95594 [13] 
Assay conditions: pH, 
temperature, substrate 
concentration 
pH 9.0, 50°C pH 5.2, 37°C, 1 
mM 
pH 5.5, 40°C, 2% 
(w/v) 
pH 6.0 
Pullulan 100 100 100 100 
Amylopectin 17.4 16 (maize) 20 38.7 
Amylopectin limit dextrin   135  
Glycogen 0 (oyster), 0 
(bovine and rabbit 
liver) 
 0 (oyster)  
Phytoglycogen   9  
Soluble starch 37 35  47.8 
Amylose 0 0  1.6 
β-glucan    2.3 
Birchwood xylan    1.2 
 
 
 GH13_14 
Organism, enzyme name, 
GenBank accession no., 
reference 
Anaerobranca 
gottshalskii, 
PULI, AAS47565 
[14] 
Bacillus 
acidopullulyticus, 
PULII, 
CAC60156 [15] 
Exiguobacterium 
acetylicum 
a1/YH5, PULI, 
AFL46505 [16] 
Paenibacilus 
polymyxa Nws-
pp2, PULI, 
AIE88189 [17] 
Assay conditions: pH, 
temperature, substrate 
concentration 
pH 8.0, 60°C, 
0.5% (0.2% for 
amylose) (w/v) 
pH 5.0, 35°C, 
0.5% (w/v) 
pH 6.0, 50°C, 
0.5% (w/v) 
pH 6.0, 35°C, 1% 
(w/v) 
Pullulan 100 100 100 100 
Amylopectin 14 16 (rice) 6.0 72.2 
Amylopectin limit dextrin 24 (β-)  19.7 (β-)  
Glycogen 3 2 (oyster) 6.1 4.1 
Glycogen β-limit dextrin  26 (oyster), 32 
(rabbit liver) 
  
Soluble starch 15 10 12.8 67.8 
Amylose N.D.    
 GH13_39 
Organism, enzyme name, 
GenBank accession no., 
reference 
Geobacillus 
thermoleovorans 
NP33, PULII_I, 
AFI70750 [18] 
Thermoanaerobacterium 
saccharolyticum B6A-
RI, PULII_I, 
AAA23205 [19] 
Clostridium 
thermohydrosulfuricum 
(Thermoanaerobacter 
thermohydrosulfuricus), 
PUL, AAA23205 [20] 
Assay conditions: pH, 
temperature, substrate 
concentration 
 pH 6.0, 65°C, 0.2% pH 6.0, 37°C 
Pullulan 77 100 100 
Amylopectin 90 53 62 
Glycogen 13 61 75 (oyster) 
Glycogen β-limit dextrin   77 (oyster) 
Soluble starch 100 55 52 
Amylose 64 56  
 
 
 GH57 
Organism, enzyme name, 
GenBank accession no., 
reference 
Caldivirga 
maquilingensis 
IC-167, PULII_I 
ABW02197 [21] 
Assay conditions: pH, 
temperature, substrate 
concentration 
pH 5.0, 100°C, 
1% (w/v) 
Pullulan 100 
Amylopectin 89 
Starch 86 
Amylose 57 
β-cyclodextrin 61 
 
  
 No sequence/not in a subfamily 
Organism, enzyme name, 
GenBank accession no., 
reference 
Avena sativa, oat, 
PULI [7] 
Bacillus sp. S-1, 
PULI [22] 
Desulfurococcus 
muscosus, PULII, 
recombinant, [23] 
Micrococcus sp. 
Y-1, PULI [24] 
Phaseolus 
vulgaris L., 
kidney bean, 
ISA1/2 and ISA3 
[25] 
Pisum sativum L., 
pea, PULI [26] 
Assay conditions: pH, 
temperature, substrate 
concentration 
pH 5.0, 30°C pH 9.0, 50°C, 2% 
(w/v) 
pH 5.0, 30°C pH 10.0, 50°C, 
1% (w/v) 
pH 6.0, 30°C, 10 
mg/ml 
pH 6.0, 30°C 
Pullulan 100 100 100 100 100/100 100 
Amylopectin  23.5 35 38 1577/456 35 
Amylopectin limit dextrin  46.3 (α- and β-), 
18.3 (β-) 
 34 693/3773 (β-) 130 
Dextrin       
Glycogen  13.0 (oyster), 17.7 
(liver) 
0 44 (oyster) 942/2229 0 
Glycogen β-limit dextrin      15 
Soluble starch  8.6  64   
Starch  3.4 (potato) 62    
Amylose  N.D. 77 62   
Dextran  N.D. 0    
63-α-maltosyl-maltotriose 120     90 
63-α-maltosyl-maltotetraose 290     230 
63-α-maltotriosyl-maltotriose 220     170 
63-α-maltotriosyl-maltotetraose 380     280 
α-cyclodextrin       
β-cyclodextrin       
γ-cyclodextrin       
	
	
	 	
     
Organism, enzyme name, 
GenBank accession no., 
reference 
Pisum sativum L., 
developing pea 
embryos, PULI 
[27] 
Thermococcus 
kodakarensis 
KOD1, 
PULII_I/pullulan 
hydrolase type III, 
BAD85166 [28] 
Thermus 
caldophilus Gk-
24, PULI [29] 
Uncultured 
bacterium, 
PULII_II, 
AGL50935 [30] 
Assay conditions: pH, 
temperature, substrate 
concentration 
pH 6.0, 37°C, 20 
mg/ml 
pH 4.2, 90°C, 
0.25% (w/v) 
pH 8.0, 73°C, 2% 
(w/v) 
pH 9.0, 40°C, 
0.5% (v/w) 
Pullulan 100 100 100 100 
Amylopectin 26 37 21.0 45 (potato) 
Amylopectin limit dextrin   36.6 (α- and β-), 
16.7 (β-) 
 
Dextrin  43   
Glycogen 0.9 26 14.2 (oyster), 13.5 
(liver) 
9 (oyster) 
Glycogen β-limit dextrin     
Soluble starch   10.6 69 
Starch  60 (potato) 
41 (corn) 
2.4  
Amylose  46 N.D. 82 (potato) 
Dextran   N.D. N.D. 
63-α-maltosyl-maltotriose     
63-α-maltosyl-maltotetraose     
63-α-maltotriosyl-maltotriose     
63-α-maltotriosyl-maltotetraose     
α-cyclodextrin    N.D. 
β-cyclodextrin  5  N.D. 
γ-cyclodextrin  76  N.D. 
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